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This project is part of a larger collaborative effort between science, math, and education 
departments at East Carolina University. The project aims to address the common science and 
mathematics deficiencies of many high school students by (1) elucidating the relationships 
among the history of scientific discovery, the geological sciences, and modern scientific thought; 
(2) developing, and utilizing in the classroom, activity-based instructional modules that are 
relevant to the modern geological sciences curriculum and that relate fundamental scientific 
discoveries and principles to multiple disciplines and to modern societal issues; and (3) using 
these activity-based modules to heighten students’ interest in science disciplines and to generate 
enthusiasm for doing science in both students and instructors.  
  The educational module developed from this linkage of modern and historical scientific 
thought is activity-based, directly related to the National Science Education Standards for the 
high school sciences curriculum, and adaptable to fit each state’s standard course of study for the 
sciences and math. The module integrates historic sciences and mathematics with modern 
science, contains relevant background information on both the concept(s) and scientist(s) 
involved, presents questions that compel students to think more deeply (both qualitatively and 
quantitatively) about the subject matter, and includes threads that branch off to related topics. A 
module for the topic of density has been developed and is waiting to be tested. 
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I:  PROJECT GOALS AND RESEARCH 
 
 
INTRODUCTION 
 
This project is part of a larger interdisciplinary research endeavor that aims to address the 
science and mathematics deficiencies of many high school students by focusing on the history of 
science and the relationship between that history and modern scientific thought and practice.  
The larger project is a collaborative effort involving East Carolina University faculty from the 
Departments of Biology, Chemistry, Geological Sciences, Mathematics and Physics, as well 
ECU’s College of Education.  This portion of project RaN (Reasoning about Nature) is currently 
being supported by the Division of Research and Graduate Studies at East Carolina University. 
The main goals of the project described herein were two-fold: (1) to elucidate the 
relationships among the history of scientific discovery, the geological sciences, and modern 
scientific thought and (2) to develop instructional geological science modules that emphasize the 
modern geological sciences curriculum and that relate fundamental scientific discoveries and 
principles to multiple disciplines and to modern society. 
The educational modules that result from this linkage of modern and historical scientific 
thought are activity-based and directly related to the current National Science Education 
Standards for the high school earth science curriculum, as well as other science disciplines. At 
the same time, the modules integrate basic math skills into the science curriculum. The math 
content used in the classroom modules can be adjusted to fit all levels, from basic addition and 
subtraction to calculus; hence the modules are adaptable to a variety of education levels, from 
middle school to college.  
The “history and geology” component of the project focuses on the influence of early 
concepts and scientific ideas on the science of today. The historical content leads both instructors 
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and students through replications of early experiments and the challenges that the scientists who 
first performed them faced (Orndorff, 2002; Cavicchi, 2008; Robinson et al., 2009a). The 
straightforwardness of the material allows students to experience first-hand the relationship 
between theory and experiment without the oversimplification of material that is common in 
many modern classrooms (Robinson et al., 2009a).  
The modules contain relevant background information on the concept(s) and scientist(s) 
involved, present questions that compel students to think more deeply about the subject matter, 
contain both quantitative and qualitative aspects, and include threads that branch off to related 
topics that have the potential for development and implementation of new modules. Historical 
science and scientists were not bound to single disciplines. Thus, these modules will show the 
interdisciplinary connections in science and the interwoven threads of science and mathematics 
(Robinson et al., 2009b).  
For this project, it is important to keep in mind that not all public schools have the same 
“technology” available to them. Thus, the modules developed for this project do not rely heavily 
on computers and internet access, but rather use simple inexpensive materials to which any 
classroom will have access. Experiments will be designed for ease in classroom demonstration. 
With this in mind, it is important that the modules have flexibility that allow teachers to adapt the 
lesson to include technology (especially computational software and the internet) if it is available 
(Libarkin and Brick, 2002; Hesthammer et al., 2002).  
Project Objectives  
The interaction between the students and scientific history will stimulate the natural 
curiosities that students are likely to possess. This project emphasizes conceptual learning of 
science as a process and is intended to enhance scientific literacy by showing how scientific 
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knowledge is obtained and how it is relevant to societal needs. It stands to reason that a greater 
degree of self-consciousness about the nature of the reasoning process can help a scientist in his 
or her work (Frodeman, 1995). Hence, specific objectives for this project included the following: 
1.  Develop a set of well-researched accounts of individual historical 
science topics/discoveries that are specifically related to modern science 
and scientific thought and that illustrate well the relationship between the 
historical science (and scientists) and modern scientific theory, practice, 
and public perception. 
2.  Create teaching modules that explore historical science experiments 
and show how they are related to theories and concepts studied in the 
geological sciences. Topics will be explicitly linked to modern scientific 
issues. 
3.  Integrate into the modules, concepts from all other major science and 
math disciplines and provide Earth Science high school students with an 
introduction to subject matter in the other sciences including biology, 
chemistry, physics, mathematics and statistics.  
4.  Focus the modules on the processes of science rather than more 
traditional methods that focus on knowledge acquisition (Libarkin, 2001). 
In addition, pose questions in the modules that aim to initiate conceptual 
thinking about the topic. Though the modules are centered on historical 
science, they should develop scientific thinking in the students and 
provide a query-based understanding of basic concepts and theories. 
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5.  Ensure that the modules can be easily and directly related to National 
Science Education Standards and to the North Carolina Standard Course 
of Study for the secondary Earth Science curriculum.  
6.  Include module threads that connect the main topic to other science 
topics/disciplines.  
7.  Incorporate into the modules hands-on activities that generate 
enthusiasm for doing science in both instructors and students, as well as 
heighten their interest in science disciplines. 
 
MODULE DEVELOPMENT 
A crucial element of the project module is to aid students in developing an understanding 
of basic scientific principles. Along the way students explore the relationships between science 
and discovery, scientists and opposition to their hypothesis, and between science and the natural 
world. Many of the topics that the geological sciences investigate today are of practical value to 
humans and have foundations in other scientific disciplines. Hence, the module is designed to 
link the discoveries of the past to present and to the future.  
Choosing a Topic 
 There are numerous scientific discoveries that can be discussed or modeled. If topics are 
to be used in K-12 classrooms, it is important to identify basic scientific principles, methods, and 
concepts that are taught in geological sciences, chemistry, physics, and biology in high school. 
For example, a module topic may be density, water chemistry, properties of elements, or 
evolution. For this project, the first topic to be researched, and the module topic on which this 
thesis is focused, was the discovery of density.   
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Density has fundamental relationships to the modern geosciences. It is important in 
physical geology, oceanography, and meteorology, as well as astronomy. The modern 
importance of this topic is clear. Density affects convection in the Earth’s mantle, how seismic 
waves travel in the subsurface, changes in the movement of air in the atmosphere, and changes in 
ocean currents. These density-related processes result in formation of new lithospheric crust, in 
some types of erosion and sediment transport and deposition, and in changes in climate – all of 
which are important in the geosciences.   
Understanding the concept of density is important for many scientific studies: volcanoes 
and earthquakes, both modern and ancient, and how they may affect humans in the future; the 
study of paleoclimates and the impacts of wind on erosion; the study wind/weather patterns that 
can help predict storms, tornados, and hurricanes; and even studies of the atmosphere of other 
planets, such as Mars (Bridges et al., 2007). 
Background Research 
In order to maintain consistency in the module, and in future modules, a historical 
timeline was established that defines the scientific periods discussed in the module. The 
timelines used for this module begin with a period labeled Pre-scientific that starts with the 
beginning of history and ends at 16th century (sometimes referred to in the module as “early 
scientists”). The Scientific Revolution covers the 16th century through 18th century (sometimes 
referred to in the module as “modern scientists”). Finally, the Contemporary Science period 
includes the 18th Century through today (sometimes referred to in the module as “current 
scientists”). The scientific applications from today to infinity are referred to in the module as 
“future science”. 
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Background data collection involved an examination of pre-scientific ideas/theories on 
the topic; researching the scientists that were involved in each step that led to the discovery of 
the principle/discovery, their contributions and background/biographical information; and 
investigating and replicating (as closely as is practical) the experiments of those scientists. One 
example of a pre-scientific discovery is Archimedes’ Eureka moment – when he discovered that 
a goldsmith had stolen some gold from the king and replaced it with silver. Other pre-scientific 
experiments from this period include using Archimedes’ Principle to determine the density of an 
unknown liquid. More modern density-related experiments included the use of Galileo’s 
hydrostatic balance, or his experiments with (or the invention of) his “thermoscope” 
(temperature affects on the volume of air).  
Density through the Ages 
 Density is an important property of solids, liquids, and gasses. Density explains why 
some solids float in water, and how the atmosphere and hydrologic cycle interact. Built on the 
foundation laid by Archimedes, Galileo, and others the importance of density has grown into a 
major scientific concept used in the geosciences.  
Although Aristotle was the first to postulate that winds were created when the air is 
heated by the sun (Pfeffer, 1967), the relationship between air and density was not understood. It 
was Leon Philippe Teisserenc de Bort working with his high altitude gas balloons that first 
recognized that air has density (Ichiye, 1967; Haven, 2007). The study of the density of air is 
import in understanding weather, climate, and the relationship between climate and ocean 
circulatory patterns. 
 Benjamin Franklin performed the first scientific investigations of the Gulf Stream and 
discovered its importance to weather and climate. This research marked the beginning of modern 
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oceanographic science (Haven, 2007). By understanding the changes in density in the oceans and 
how those changes have affected ocean circulation and climate in the past, scientists can predict 
what may happen in the future should these changes occur again. 
 From the research of Beno Gutenberg, Inge Lehmann, and Andrija Mohorovičić we have 
learned that the interior of the Earth has different layers, each with its own density. The principle 
of isostasy explains why the less dense continental crust will always float higher than the oceanic 
crust (Gohau, 1990) and is based on a principle discovered by Archimedes (Archimedes’ 
Principle). 
 During a 1911 meteorological tour of the world, Alfred Lothar Wegener’s natural 
curiosity was attracted to a distinct “puzzle-like” characteristic on a world map. Wegener’s 
attention to this detail led to his discovery of continental drift, but he was unable to find support 
for the mechanism or force driving the continents (Bullen, 1976). In 1957 Harry H. Hess 
watched a crane operator maneuver a drilling rig designed to collect core samples from the ocean 
floor (Haven, 2007). Analysis of those core samples showed that the age of the ocean floor 
increases with increasing distance from the spreading center.  This discovery, which was later 
dubbed seafloor spreading, helped Hess confirm Wegener’s concept of continental drift. Seafloor 
spreading became the foundation for the theory of plate tectonics because it brought to light facts 
that helped scientists formulate a density-related mechanism for Wegener’s continental drift 
observations. That mechanism requires an understanding of density differences in the Earth and 
of deep Earth convection. In the simplest of terms, the mechanism that helped scientists 
understand plate tectonics relies on convection in the mantle.  This convection pushes warm, less 
dense magma upward, forcing the older, colder, denser crust away from the spreading center. In 
1965 J. Tuzo Wilson proposed that large faults linked worldwide convection zones and formed a 
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continuous system that divides Earth’s crust, both continental and oceanic, into “rigid plates” 
(Wilson, 1965). Work on these tectonic plates was continued by Jason Morgan (1967), Dan 
McKenzie (1967), and Xavier Le Pichon (1968) (Gohau, 1990).  Modern scientists rely on this 
work, and on the continuously updated maps of the Earth’s lithospheric plates (Bird, 2003), in 
many types of geological research. 
Current Connections 
 From the earlier work of Gutenberg, Lehmann, Richter and others (Gardner et al., 1974; 
Haven, 2007), we have also learned that differences in density cause seismic waves to travel at 
different speeds through different parts of the Earth. Hence, geologists can determine the 
characteristics of the deep Earth by using seismic waves. Similarly, using the density differences 
between adjacent bodies of subsurface strata, scientists can determine the location of faults, old 
stream channels, mineral deposits, and much more.  Studying these features is important to our 
understanding of earthquake activity (faults), changes in Earth’s landscapes and surface water 
distribution (stream channels), and location and extraction of economic resources (mineral 
deposits). 
Density affects ocean circulation which, in turn, affects climate and atmospheric 
circulation and the hydrologic cycle. Hence, by studying the effects of density changes in the 
atmosphere and oceans scientists can forecast the weather and make predictions about climate 
change. Being able to forecast storms can save the lives of people that live in areas where 
frequent storms are possible. Understanding climate change can help humans make difficult 
decisions and preparations for dealing with future changes in sea level and global temperatures, 
precipitation, and water resources. 
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 One of the most widely accepted theories, among scientists, is that our expanding 
universe evolved (Roeder, 1990) from a very small and very dense volume of matter. Density 
plays a major role in determining matter and energy relationships in the universe. An 
understanding of density and its effects on atmospheric conditions, gravitational force, buoyancy 
of matter, and seismic reflections here on Earth will aid our quest as we expand our 
investigations to include the composition of other planets and stars in our own solar system and 
beyond. 
 Study of various types of density is common in other science disciplines, such as 
environmental geology or biology. In biology, for example, population density refers to the 
number of individuals, or organisms per given unit of land/water area and is a common 
biological measurement. For Earth Scientists, population density maps (based on human 
population) are crucial for answering questions about the relationship between people and the 
environment, such as How does population density relate to changes in land cover?, How are 
natural resources distributed in relation to population?, and How do densely populated regions, 
with their pollution, artificial surfaces, and urban heat islands, affect climate? The RaN modules 
are designed to assist geoscience educators by creating scenarios that both adhere to science 
education standards and allow students to answer questions such as these.  
Science Education Standards 
National Educational Level 
 The module for density was developed based on the National Science Education 
Standards (NSES, 1996) for the high school science curriculum. These standards (table 1) 
specify that high school science programs should be developmentally appropriate, interesting, 
and relevant to student’s lives and require that the study of science emphasize inquiry as a way to 
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promote understanding of science content while at the same time showing the relationship of 
science to other school subjects. In order to expand the students’ understanding of the use of 
mathematics in science, the study of science and mathematics should be coordinated and the 
relationship between science and mathematics should be explicitly demonstrated (NSES, 1996). 
The density module discussed here fulfills these requirements and can be easily adapted to 
adhere to any State’s science curriculum standards. 
Local Standards 
 The information and experiments in the density module conform to both National Science 
Education Standards and to the goals and objectives of North Carolina’s Standard Course of 
Study (NCSCOS) for the Earth and Environmental Science curriculum; they also highlight the 
interdisciplinary relationships between the module topic and the North Carolina Standard Course 
of Study goals and objectives for other high school science curricula (table 1). The NCSCOS 
requires students to combine the process of science, scientific knowledge, scientific reasoning, 
and critical thinking. Students should develop an appreciation of how we “know-what-we-know” 
in science and develop a basic understanding of the nature of science (NCSCOS, 2004). The 
content-related worksheets and experiments in the density module can be adapted for any level 
of science and math from eighth grade to college.  They can also be easily adapted to other 
State’s education standards. 
 
MODULE CONTENT 
Classroom time constraints and teacher preference requires extensive flexibility in 
module implementation style.  Because the individual module components are directly related to 
both the National Science Education Standards and to the NCSCOS (table 2), instructors can use 
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the components either individually (embedded into a preexisting curricula) or as an ordered 
group for detailed study of the subject matter. This flexibility also makes the module and its 
components readily adaptable for use in other states (with varying Earth Science educational 
standards) and in introductory-level college courses where students may need practice with the 
density concepts covered in the activities and experiments. 
The demonstrations, activities, and experiments contained within the module present 
realistic examples of how density is used in the geosciences. Demonstrations help students 
visualize the concept (e.g., convection) being discussed. Activities allow the students to use the 
concept in a practical “real-world” manner (e.g., studying the subsurface). And, experiments 
provide the students and instructors the opportunity to repeat key experiments from science 
history, which allows both students and instructors to experience the questions and challenges 
faced by all scientists – whether Archimedes in ancient Greece, Galileo during the scientific 
revolution, or geoscientists in today’s world.  
 The demonstrations and experiments have a standard format of topic/introduction, 
materials needed, and instruction/procedures. The formal module (presented in its entirety in the 
Appendix) includes separate sections for the instructor and the student, as well as unit conversion 
charts and safety information. Also included are thought questions and mathematical worksheets 
for the student. Some of the experiments include diagrams to aid the student with procedures and 
tables that can be used for recording and organization of data. The instructor’s version contains 
some basic analysis and conclusions. The student’s version asks the students to think about and 
formulate their own analysis and conclusions.  
 The materials required for the experiments and demonstrations in the module are limited, 
where possible, to those than can be found in most homes, purchased inexpensively at a local 
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hardware or grocery store, or found in a standard high school science lab. For reasons of safety, 
expense, or availability, the materials used in the module experiments are not always the same as 
those used in the original, historical experiments. For example, copper, galvanized steel, and 
PVC pipe have been substituted for Archimedes’ gold and silver.   
Demonstrations 
All of the demonstrations in the module are related to convection. Each successive 
demonstration increases in complexity allowing students to develop an understanding of 
evaporation, condensation, and convection. Demonstration 1A relates to thermal convection in 
the air. The instructor or students create an indoor cloud which allows students to observe the 
vaporization and condensation of water. Demonstration 1B concerns convection in liquids. Using 
a clear beaker or cooking pot allows the students to see how warm water rises and cooler water 
sinks. This type of convection is compared to the convection that is occurring in the ocean 
basins. Demonstration 1C relates to convection in the mantle. The circulation of water in a 
boiling pot is easily portrayed in the above demonstration, but it is a little more difficult to 
visualize the solid materials in the Earth’s mantle flowing as a liquid. The motions of the denser-
than-water liquids in a lava lamp are used to represent movement of mass and movement of heat. 
The lava lamp is a simple way to model motion within the mantle. Though it is not completely 
analogous, it does provide a basic representation of convective motion in the mantle. 
These three demonstrations are simple representations of processes that are taking place 
on Earth. They are listed as optional in the module and are intended to be performed by the 
instructor as a way of helping students visualize the scientific concepts. If there are adequate 
material resources in the classroom, the demonstrations can also be carried out by the students 
with proper supervision.  
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Activities 
 The activities included in the module are also optional. They relate directly to modern 
geosciences disciplines and provide real-world examples of how contemporary scientists use 
density.  
Activity 1 is computer-based but can be adapted for situations where no computers are 
immediately available through the use of photocopies and calculators. Here students participate 
in an on-line activity (Virtual Courseware Project, 2005) that guides them through a series of 
seismic investigations to determine the epicenter, magnitude, and intensity of a virtual 
earthquake. Students take measurements, organize and record data, plot points on maps, and 
calculate the areas affected by the earthquake.  
Activity 2, which requires minimal supplies and can be used in a regular classroom 
setting, requires students to read a seismic line. Using the provided seismic-reflection profile, 
students try to correlate the strata on the left side of the profile with strata on the right side of the 
profile and to identify faults in the section. The goal of this activity is to determine the best 
placement for an oil drilling rig based on the stratigraphic interpretations.  
Experiments 
Three density experiments were developed for this module. The experiments are based on 
the early scientists’ experiments, but have been modified to relate the historical significance to 
the modern setting. Using current research topics found on the NASA (National Aeronautics and 
Space Administration) website (www.nasa.gov), I developed a story that links current research 
on comets to the early scientific discovery of density. The experiments ask the students to 
imagine that they are a NASA research assistant or lab technician, then presents the students with 
problems that NASA scientists are facing regarding some of their research. As they progress 
14 
 
through the experiments, students identify the problem, a solution, and/or the situation that 
caused the problems encountered during the research. 
The first experiment, on density of an irregularly-shaped object, is based on the work of 
Archimedes. Students are asked to separate the contents of a bag of “rocket hardware” (actually 
pieces of copper, PVC pipe, and galvanized steel that are relatively easy for teachers to obtain) 
into density groups. The students’ job, as emergency service technicians for NASA, is to find the 
faulty hardware from among the recovered pieces of the rocket. They do this by using density to 
determine which pieces are different from the rest. Examples of the recovered “rocket” pieces 
are shown in figure 1. This experiment helps students understand that objects made of the same 
material will have the same density, even if they have different volumes and different masses.  
For experiment two, on the density of liquids, students are asked to identify several 
unknown liquids (figures 2 and 3) by determining their densities and comparing those densities 
to known liquids found on Earth. The experiment is based on Archimedes Principle and is 
similar to the previous experiment, but uses liquids instead of solids. This experiment helps 
students understand that liquids of different volumes and mass will have the same densities if 
they are made of homogeneous substances. Students are asked to create a density column (figure 
4) based on their findings. This provides excellent (and immediate) hands-on feedback for the 
students: if their data are incorrect, the resultant column will be messy and discolored instead of 
beautiful and vividly segregated. Students will be able to identify one of the unknown colored 
liquids as water. 
For the final experiment, finding the density and specific gravity of rocks and minerals, 
students determine the density of rocks and/or minerals (figure 5) using the combined techniques 
from the previous two experiments. Students then use their density calculations comparing them 
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to the known densities of the rocks/minerals that are found here on Earth, and identify the 
unknowns.  Upon completion of all three experiments, students should also be able to calculate 
the specific gravity of rocks and minerals.  
The worksheets that accompany the experiments help the students organize data from 
each experiment.  The graphs that the students are asked to create from their data help them 
visualize the density characteristics of the unknowns. Graphs of the solids should show that the 
density of solid objects is constant if it is a homogeneous substance, graphs of the liquids should 
show that the density of a homogeneous liquid is consistent until it is heated or cooled, and 
graphs of the rock densities should show that rocks with the same chemical composition can 
have different densities (figure 6). At the end of the experiments, students are asked to think 
critically about their data and about the nature of density by comparing the graphs of their data 
and explaining why similar rocks have different densities if the solids and liquids they are 
composed of all have a uniform density throughout. 
Interdisciplinary Threads 
Unraveling the connections between the early scientists (and their experiments) and the 
scientists and scientific discoveries that pre- and post-dated the early work on the topic is an 
important aspect of project RaN. It is also important in the classroom modules (including the 
density module discussed here), which include discussions about the connections between 
historical science, modern science, and important current scientific topics. For example, one of 
modern society’s most challenging issues is that of climate change.  Topics related to climate 
change – global warming, land use changes, mineral and energy resources (use and availability), 
water resources, sea level rise, and more – are commonly on the front pages of newspapers 
worldwide.  They are prominent today and will likely remain prominent into the future 
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(Lueddecke et al., 2001; Kelly and Burks, 2004). The topic of climate change is directly related 
to historical investigations that resulted in the discovery and understanding of density. Hence, 
Archimedes’ experiments, the work of Galileo, Franklin’s investigations of the Gulf Stream, and 
Teisserenc de Bort’s investigations of the atmosphere are easily related to our modern 
understanding and discussion of climate change. 
The ten Interdisciplinary Threads contained in the density module are short narratives 
that offer optional subjects for mini-projects or reports and that can be related to the topic and/or 
the scientists discussed in the module. These threads also show connections to other science 
disciplines. For example, Archimedes’ work with the gold crown laid the foundations for work 
on buoyancy or buoyant force, an important concept in physics and hydrostatics. Similarly, 
Galileo’s work on falling bodies influenced the work of Kepler and Newton on gravity and 
planetary motion – major concepts in astronomy and astrophysics. But, not all of the threads are 
related directly to the module topic. Some threads show how scientists from history had more 
than one specific scientific interest and studied a wide array of the science disciplines we are 
familiar with today.  These threads help students understand both the intellectual lives of 
scientists and the interconnectivity of scientific disciplines. 
 
INTEGRATING THE SCIENCES AND MATHEMATICS 
The density module shows students that in early history there were no distinct branches 
of science. The ancient Greeks used the term philosophy instead of the term science. Their 
philosophy was a combination of all of the modern science disciplines and mathematics played 
an important role. The ancient Greeks were not satisfied with the mystical and then-popular view 
that changes in nature were the result of the will of deities (Weiner and Noland, 1957). Instead, 
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they focused on unraveling the underlying principles that would unify humankind’s 
understanding of the world.  
From qualitative to quantitative 
In the 1400’s science in the modern sense – a systematic empirical method for gaining 
knowledge of the natural world – did not exist (Capra, 2007). Knowledge about natural 
phenomena, some accurate and some inaccurate, had been handed down by Aristotle and other 
philosophers of antiquity and was fused with Christian doctrine by scholastic theologians who 
presented it as the officially authorized creed (Capra, 2007). When in the 17th Century scientific 
experimentation began to take the lead role in the process of science the religious authorities 
condemned it as subversive, seeing any attack on Aristotle’s science as an attack on the Church. 
The search for causes of events in nature guided science from the time of Aristotle to that of 
Galileo. The dawn of modern science (beginning in the middle of the 17th century) saw this 
search superseded by a quest for laws of nature based on experiment and quantitative 
measurement (Drake, 1981).  
The seventeenth century witnessed some large-scale attempts to change traditional beliefs 
about the natural world and showed how knowledge can grow and how science can progress 
(Popper, 1963; Furon, 1964; Shapin, 1996; Burke, 1985; Olsen, 2004). The eighteenth century’s 
scientific achievements were not as amazing as the seventeenth century’s, but scientific progress 
was not insignificant (Downs, 1982). New fields were entered. The foundations of experimental 
chemistry were laid and a new science, geology, was introduced (Downs, 1982). The march of 
scientific progress continued uninterrupted throughout the nineteenth and twentieth centuries. 
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Integrating Math 
The quantitative aspect of science, mathematics, is addressed in the student experiments – 
specifically, at the end of each experiment via mathematical worksheets. One of the goals of this 
project is to address some of the mathematical deficiencies that exist in both current high school 
students and in college-level science students. A common deficiency among both high school 
and college students is difficulty with unit conversions (A. Manda, pers. comm.; M. O’Driscoll, 
pers. comm.; C. Rigsby, pers. comm.; T. Woods, pers. comm.). Hence, although several 
quantitative skills are utilized (graphing and algebraic calculations, for example), the most 
frequently occurring mathematical skill dealt with in this module is unit conversions. For 
example, students are required to convert basic units of volume, mass and density for liquids and 
solids. Future modules, as well as minor adjustments to this module, will allow teachers to 
address other mathematical deficiencies based on the student’s grade level.  
Another area of difficulty for many high school and college students is data organization 
(S. Culver, pers. comm.; C. Rigsby, pers. comm.). The experiments contained in the module are 
designed to give students practice in keeping their data efficiently organized. The worksheets and 
instructions that accompany the experiments serve as guides to for data organization and 
presentation. They are applicable to both by-hand and spreadsheet-assisted calculations. The unit 
conversion charts provided with the module may help ease checking calculations and encourage 
frequent self-scrutiny. 
Although specifically designed to be usable in un-wired classrooms, the experiments can 
also be used in settings where computers and computational software are available. In such 
situations, experimental data can be entered and graphs can be constructed using the program of 
choice. The experiments and math worksheets in the module reinforce basic data collection 
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skills, basic calculation skills, and unit conversion skills; and, where technology is available, 
provide much needed practice with spreadsheet and database usage.  
 
CONCEPTUAL THINKING ABOUT THE TOPIC 
 Many science students today are accustomed to memorizing information and forgetting it 
after they are tested on it. Although this may be a good way to remember concepts for a single 
test, it does not allow or encourage the student to think more critically about the topic and it 
focuses on the lowest levels of learning (remembering). The density module emphasizes learning 
at higher conceptual levels (analysis, synthesis, and evaluation). Each experiment includes 
questions and worksheet activities that were created using methods based on Bloom’s taxonomy 
(1956) and that encourage students to think critically about the module topic. The questions and 
activities (table 3) range from those that require only basic knowledge and facts to those that 
require the student synthesize and evaluate data.  
In order to assure that learning is assessed at higher levels, a Bloom’s taxonomy (1956) 
based test grid was created following the model of Liu (2010).  Such grids help teachers 
determine that their assessments focus questions at each level of cognition. The test grid for this 
module (table 4) enabled me to increase the number of questions at the higher levels and ensure 
that the module maintained a focus on higher orders of thinking. Higher order thinking allows 
students to rationalize and to solve problems, provides them with important life skills, and is 
more in keeping with the nature of science than is lower order thinking.  Although all levels of 
comprehension are address in the module, the module focuses on higher order skills. The higher 
order challenges, such as the increasingly more difficult data synthesis and graphing in the 
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experiments, present students with topic-related situations or ideas that require them to actually 
think about the topic before they answer. Simple memorization is not an option. 
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II:  HISTORICAL FOUNDATIONS AND MODERN UNDERSTANDING:   
TEACHING SCIENCE TODAY THROUGH THE SCIENCE OF YESTERDAY 
 
INTRODUCTION 
 One of the most fundamental physical properties of matter is density. Each element on 
the periodic table has its own distinctive density, almost as distinctive as human finger prints. 
But, what exactly is density? Most science students today have a general idea of the definition of 
density. There are few, however, who could actually explain it. Using the topic of density, we 
have created an interdisciplinary science module that includes demonstrations, activities, and 
experiments that are all related to density. The module also covers some of the history of the 
discovery of density and how the understanding of density has affected science over the 
centuries.  
 By using the historical aspect of the discovery of density, including how scientists 
improved our understanding and usage of the concept; by showing students how the scientific 
knowledge we know today was expanded through the labors of many different scientists over 
many years; and by encouraging students to conduct their own investigations; the module helps 
students develop a better understanding of density and science in general. The activities and 
experiments contained in the density module allow students to develop both quantitative skills 
and critical thinking skills, both of which are often underdeveloped in science students today and 
are important to the work to modern science. Each experiment and activity in the module 
contains mathematical worksheets and critical thinking questions that are specifically linked to 
modern, real-world scientific uses of density, thus allowing students to answer their own “Why 
do we need to know this?” question. 
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USING THE MODULE 
 Prior to the module being finalized for classroom presentation, specific issues regarding 
the module had to be addressed. First and foremost was choosing a topic. The module topic must 
(1) conform to National Science Education Standards and be adaptable to any State’s Earth 
Science curriculum goals and objectives, (2) stem from an original discovery, (3) be a key 
concept from multiple science disciplines, (4) show that the development and usage of the topic 
was built upon by many scientists over many years, and (5) have a relevant connection and usage 
in science in today’s world. Because it is crucial that high quality science curricula be available 
to all types of settings, the module was also developed so that teachers would not have to rely 
heavily on computers and internet access. At the same time the module provides flexibility for 
adaptation to classrooms that have access to the internet and computational software.  
An integral part of this project will involve getting the module into a real high school 
Earth Science classroom. Volunteer teachers are currently being sought in Pitt County (and 
neighboring counties, North Carolina, to participate in the project. Because of this developing 
relationship with North Carolina teachers, I was invited to give a series of presentations in a high 
school classroom in Johnston County, NC. The classroom teacher asked that I break the module 
down into three sections and give three individual presentations over the span of four weeks.  
Although I was only able to present the material as a guest lecturer in the classroom, not to 
formally test its usefulness, the presentations offered an excellent opportunity to work out some 
of the kinks in the written module and to help me understand some of the dynamics and logistics 
of using the module in a classroom. Ultimately, the module is designed so that teachers from all 
science disciplines can pick-and-choose which parts of the module are useful to their discipline 
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and decide what will be presented in the classroom, hence this experience helped me hone the 
module for this purpose.  
Presentation of the module 
In an ideal situation that provided plenty of time for exploration of the topic, the module 
presentation in an Earth Science Classroom should be separated into three sections, each with 
introductory lectures and experiments. Section one, the pre-scientific section, covers the work of 
Archimedes. Section two covers Galileo during the Scientific Revolution. Section three of the 
module covers modern scientists beginning with Benjamin Franklin, continuing to Alfred 
Wegener, and concludes with current and future applications of density in the geosciences.  
The module contains 3 experiments: density of solids, density of liquids, and density of 
rocks and minerals. Students may need assistance with the first two experiments, but should be 
encouraged to perform the density of rocks and minerals experiment without direct guidance 
from the classroom teacher.  
 Rather than starting with a focus on the topic content, an introductory presentation that 
explores some of the related historical background should be implemented. Using Archimedes as 
a starting point, this lecture can explore a few of Archimedes’ many mathematical 
accomplishments, his use of levers and pulleys and (what the high school students will likely 
find most interesting) his invention and use of weapons to defend the city of Syracuse against the 
Roman attack. These stories of discovery and practical application will grab the students’ interest 
and keep it as the discussion leads to the “Eureka” moment, which provides an easy transition 
into the module topic content: density.  
At the conclusion of the introductory lecture, students are asked to participate in the 
experiments. The experiments are set up as role-playing activities. The students take the role of 
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NASA research assistants or laboratory technicians and are presented with problems that NASA 
scientists face in their real world research. Students are given the module’s experiment packets, 
broken into “research” teams, and asked to complete the experiments to the best of their abilities 
with minor assistance from the classroom teacher.  
Density of an Irregularly-Shaped Object – Experiment 1 
In this experiment, based on the early work of Archimedes, students are asked to separate 
the contents of a bag of “rocket hardware” (figure 1) into density groups. The student’s job as an 
emergency service technician for NASA is to find the faulty hardware from among the recovered 
pieces of the rocket. Students collect hardware pieces from the failed rocket launches (provided 
by the instructor). These pieces have a variety of different shapes and sizes and the students must 
use density calculations to determine differences and similarities among the pieces. Using a 
scientific balance (or a simple scale; whichever is available) the students determine the mass of 
each object. Then, using a 100 mL graduated cylinder, the students determine the volume of 
objects. Guided by the worksheets provided in the module, the students create tables (or 
spreadsheets, depending on the technical facilities available) to organize and record their data. 
The students continue the exercise until all of their “rocket pieces” have been measured and their 
densities calculated.  
Finally, the students graph their results (figure 6a). Upon completion of their graphs, 
students are asked to make observations and conclusions based on their data. The critical 
thinking questions and mathematical worksheets included with the experiment aid students with 
their data analysis and help them develop both lower- (memory, understanding) and high-level 
(critical thinking and analysis) comprehension of the subject matter, as well as basic laboratory, 
data organization, and mathematical skills.  
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Density of Liquids – Experiment 2 
For the second experiment, also based on the early work of Archimedes, students are 
expected to determine the identity of an unknown liquid by finding its density and comparing it 
to the densities of known liquids here on earth. Continuing with the premise that the students are 
emergency service technicians for NASA, their job is to use density measurements to identify the 
liquids. The students are again instructed to create a table to organize and record their data, this 
time with less aid from the worksheet and instructor. Using a scientific balance or scale the 
students determine the mass of an empty 100 mL graduated cylinder, add the unknown liquid to 
the cylinder, determine the mass and volume of the liquid and then calculate its density.  
Once they have calculated the densities of all of the unknowns, students create a density 
column by slowly pouring each liquid into the container, one at a time in order of highest density 
to lowest density based on their own density calculations. If the students have correctly 
determined the liquids’ densities they will form a beautiful column (figures 3 and 4). If, however, 
they have miscalculated the densities, they will only form a discolored jumble-of-goo in their 
cylinder.  
Students also create a graph of their data, plotting the densities of the unknowns (figure 
6b). Upon completion of their graphs, students are asked to make observations and conclusions 
based on their data. As in Experiment #1, the critical thinking questions and mathematical 
worksheets included with the experiment aid students with their data analysis and critical 
thinking.  
Density of Rocks and Minerals – Experiment 3 
 For the final experiment, students apply what they have learned in the previous two 
experiments to determine the densities of various rocks and minerals. Students follow non-
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familiar procedures to determine the densities of several samples of rocks and minerals and to 
identify the samples (figure 5) based on comparisons with known rocks and minerals (using the 
rock and mineral density charts provided). In the process of this experiment, students will 
discover that although the mineral specimens vary in volumes and masses, minerals of the same 
atomic arrangements have the same densities; whereas various samples of the same rock type, 
although they are made up of minerals of uniform density, have varying densities. 
For this final experiment, the students work without the aid of pre-formatted templates to 
create tables of their data and a density graph of the rocks and minerals they have analyzed. 
Upon compilation of their data and completion of their graphs, students are asked to display their 
data and graphs at the front of the class and to make observations and conclusions based on their 
data. The instructor will lead a discussion that asks the students to interpret the data and focuses 
on the relationship between the mass and volume of the solids and liquids. The students should 
note the similarity of the “straight line” seen on the liquid and solid graphs represented in figure 
6a and 6b. The students are then asked to use what they have learned about density to explain the 
graphs of the rocks and minerals shown in figure 6c and to formulate a hypothesis as to why 
there were differences in the densities of the rock samples.  
 With the aid of this discussion and the critical thinking questions and mathematical 
worksheets provided in the module, the students will soon discover that, as discussed in the 
module, the bulk density of rock and sediment is controlled by the densities of the minerals 
present, the amount of open pore space in the rock or sediment, and the amount of fluids in the 
spaces. This discovery will allow them to explain the difference among the graphs and to 
comprehend the importance of these relationships to our understanding of Earth materials and 
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process covered in the module’s historical background information, activities, and 
interdisciplinary threads.  
 Finally in this experiment, specific gravity is also introduced. Specific gravity, a ratio 
between the weight of an object and the weight of an equal volume of water (at 4oC), is closely 
related to density. Because it is relatively easy to measure, it is frequently used in the 
geosciences – sometimes in place of density. It is a used in petroleum engineering, mineralogy 
and petrology, soil engineering, and many other geological disciplines. 
What Students Learn From the Experiments 
 Density is an important and fundamental property of matter that is important to many 
fields of in the geosciences, as well as to other scientific disciplines. Upon completion of the 
module and experiments, students will have mastered the following concepts related to density: 
1)  Density is a relationship between the mass and volume of an object.  
2)  The volume of a solid can be measured by the amount of water it 
displaces when completely submerged. 
3)  The density of solid objects should be constant if they are made of a 
homogeneous substance. 
4)  The density of a homogeneous liquid is consistent until it is heated or 
cooled. 
5)  Although composed of elements with consistent densities, the bulk 
density of rock and sediment is controlled by the densities of the minerals 
present, the amount of open pore space in the rock or sediment, and the 
amount of fluids in the spaces. 
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6) Density and specific gravity depends on the atomic weights of atoms 
and on how the atoms are arranged in a structure. 
7) Density and specific gravity are essentially measurements of the same 
property. 
In addition to this content learning, students completing the module’s experiments 
will have mastered laboratory, measurement, and data organization skills, as well as 
many of the data analysis, synthesis, and interpretation/critical thinking skills 
necessary to comprehend and participate in modern geosciences. 
Assessment 
Both pre- and post-module assessment can be used determine the level of each student’s 
mastery of the module content. This assessment is imbedded in the module in the form of critical 
thinking questions and experiment worksheets. Using these, instructors can evaluate students’ 
comprehension of the historical, Earth’s interior, liquid density, solid density, and density of 
rocks and minerals components of the module. They can also assess the students’ data analysis 
and computational/mathematical skills. Table 4 demonstrates how the questions and worksheet 
problems in the module assess the various levels of comprehension for each module topic.  
 
GENERATING ENTHUSIASM FOR EARTH SCIENCE 
 How do teachers make science interesting to students? How can science teachers stay 
excited about teaching science? Many different techniques are implemented by science teachers 
every day during their science classes. The technique used here melds exciting stories about 
historical science with modern real world scientific discovery and brings the methodology, 
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importance, and context of science into a new light for most high schoolers. It is the intent of this 
technique to enhance the science experience for both students and teachers of Earth Science.  
Students today tend to have short attention spans. This can be disruptive to both the 
instructor and other students in a high school Earth Science classroom. By keeping students 
actively participating in the modules’ activities, demonstrations, and experiments, we hope to 
enhance the learning experience for all Earth Science students and boost the teachers’ 
enthusiasm for teaching Earth Science. During the module presentation, instructors may choose 
to “leave out” some of the details when discussing the historical aspect in hopes of arousing the 
students’ natural curiosity about the subject matter. This will encourage students to ask questions 
relevant to the topic and allow instructors to elaborate on the topic, or branch off to a related 
topic.  
Major strengths of the module are (1) that the visual portion of the introductory historical 
science presentation keeps the students attention by showing them examples of geologic scenery 
not common to eastern North Carolina and (2) that most students enjoy actively participating in 
the experiments. When the module is fully implemented and tested in real high school classroom 
settings, classroom-by-classroom decisions can be made about which module segments to 
included or excluded based on time constraints, availability of standard science classroom 
supplies, available technology, and the class size. To help the RaN project team ascertain the 
module’s success, as well as its weaknesses, any participating classroom teacher will be asked to 
evaluate both the module itself and the results of its use in his or her class.  
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REFLECTIONS AND FUTURE WORK 
Most students possess an innate curiosity about the natural world. When delivered in an 
engaging manner, a solid scientific foundation can help sustain this curiosity and build an 
interest in modern science. As this project module demonstrates, integrating historical science 
with modern science helps to answer the students’ questions of “Why?” and “How?” we 
understand some of the content of modern science. As with all project RaN modules, the density 
module is designed to keep students actively engaged in scientific investigations, to encourage 
them to develop a logical structure for problem solving, and to give them the ability to think 
critically about the concepts that unify the numerous disciplines of science.  
 Many students think that science is a collection of facts, and they treat it as such. The 
pattern of memorizing science content for a test, and then quickly forgetting it, needs to be 
broken. Science is much more than looking at pictures and text that display the end results. 
Students who use this project module learn that the science as we know it today has been 
continuously expanding and developing since pre-scientific times; that scientists often face 
personal challenges during their research; that although science is separated into specialized 
disciplines, those disciplines are often connected; and, importantly, that the lives of both 
historical and modern scientists are often multifaceted, involving multiple interests and diverse 
activities. 
One of the goals of modern science education is to involve students in more activities, 
experiences, and instruction that encourage critical thinking. Rather than simply telling the 
students why or how, this module allows students to discover that science is a process of 
experimenting, gathering information, looking for patterns, and thinking critically to explain 
what the evidence shows them. Connecting historical science discovery with modern “real 
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world” science enables students to see for themselves the context and scientific basis of how and 
what we know today.  
What next? 
Generating interest in science for both students and classroom teachers will be capitalized 
on by development of additional interdisciplinary modules. The project RaN group is currently 
working on several of the numerous possible module topics. And, the new educational modules 
based on historical scientific discovery will lead to an increase in students’ understanding of the 
scientific content and to an increase in students’ self-confidence when it comes to doing science. 
The new modules will address the various mathematical deficiencies in most science students 
while retaining the historical science-based interdisciplinary theme. 
By creating activity-based modules that heighten students’ interest in the topic through 
the use of history, student attitudes toward science and math can be improved. The density 
module, as is the case with the other modules being developed by the Project RaN team, provides 
excellent opportunities for students to continue to improve their critical thinking skills. These 
analytical skills are the foundation upon which all science, historical and modern, are built. 
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Table 1 – Science education standards and interdisciplinary connections. The module topic density is directly 
related to the National Science Education Standards and to the North Carolina Standard Course of Study 
goals and objectives for the Earth and Environmental Science curriculum. In addition, numerous 
interdisciplinary connections exist between the module topic density and the North Carolina Standard 
Course of Study science curriculums (NSES,1996; NCSCOS, 2004). 
 
National Science Education Standards 
 
The program of study in science for all students should be developmentally appropriate, interesting, 
and relevant to students' lives; emphasize student understanding through inquiry; and be connected 
with other school subjects. 
 
The science program should be coordinated with the mathematics program to enhance student use 
and understanding of mathematics in the study of science and to improve student understanding of 
mathematics. 
Science requires the use of mathematics in the collection and treatment of data and in the reasoning 
used to develop concepts, laws, and theories. School science and mathematics programs should be 
coordinated so that students learn the necessary mathematical skills and concepts before and during 
their use in the science program. 
The Relationship Between Density and the North Carolina Standard Course of Study 
for Earth and Environmental Science 
 
Competency 
Goal 
 
2 
 
 
3 
 
 
4 
 
 
5 
 
 
6 
 
Objectives  2.01, 2.02, 
2.03 
3.01 4.01, 4.02, 
4.03 
5.01 6.01, 6.02, 
6.03 
 
Density Connections to Other North Carolina Science Goals and Objectives 
 
Course  Physical Science Physics Chemistry 
Objectives  5.02, 5.03, 6.01 3.06, 4.04, 6.01, 7.02, 7.03 2.02, 2.04, 
3.01 
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Table 2 – The relations of the module components that specifically address National Science Education 
Standards and North Carolina Standard Course of Study Goals and Objectives. Checks represent 
connections to NSES (1996) Standards. Numbers show connections to specific NCSCOS (2004) Objectives. 
 
The relations to NSES standards and 
North Carolina Standard Course of 
Study Goals and Objectives are 
available in the referenced lesson(s) 
to the right. 
Project RaN Educational Module: 
Density 
National 
Science 
Education 
Standards 
Historical 
Background 
Activity 
#1 
Activity 
#2 
Experiment
#1 
Experiment 
#2 
Experiment
#3 
Program Standard B 
The program of study in science for all students should be developmentally appropriate, 
interesting, and relevant to students' lives; emphasize student understanding through 
inquiry; and be connected with other school subjects.
     
Program Standard C 
The science program should be coordinated with the mathematics program to enhance 
student use and understanding of 
mathematics in the study of science and to improve student understanding of mathematics. 
    
North Carolina Standard 
Course of Study  
Goals Objectives 
Competency Goal 2: The learner will build an understanding of lithospheric materials, 
tectonic processes, and the human and environmental impacts of natural and human-
induced changes in the lithosphere. 
 2.02 2.04 2.02   2.01 
Competency Goal 3: The learner will build an understanding of the origin and evolution of 
the earth system. 
 3.01 3.01  3.01 3.01 3.01 
Competency Goal 4:  The learner will build an understanding of the hydrosphere and its 
interactions and influences on the lithosphere, the atmosphere, and environmental quality. 
 4.01 4.03 4.03 4.01 4.02 4.01 
Competency Goal 5: The learner will build an understanding of the dynamics and 
composition of the atmosphere and its local and global processes influencing climate and 
air quality. 
 5.01    5.01  
Competency Goal 6: The learner will acquire an understanding of the earth in the solar 
system and its position in the universe. 
 6.02, 6.02, 
6.03 
  6.02, 6.02, 
6.03 
6.02, 6.02, 
6.03 
6.02, 6.02, 
6.03 
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Table 3 - Examples of questions contained in the module and experiments. Questions are based on Bloom's 
Taxonomy of Cognitive Development (1956). For a complete list of module questions refer to the module 
itself, which is presented in its entirety in the Appendix. 
 
Examples of Questions 
 
Knowing Questions 
 
What does the word science mean to you? (Do not give the textbook definition) 
 
What is meant by density? Give your definition in complete sentences and be sure to include the 
units density is most commonly expressed in. 
 
 
Understanding Questions 
 
Explain the difference between the weight of an object and the mass of an object. 
 
Explain how you think convection in a lava lamp works. Relate your answer to convection in the 
mantle. 
 
 
Applying Questions 
 
Why does changing the shape of an object have no effect on the density of that object? 
 
Archimedes determined that Ling Heiron’s crown contained a substance other than gold. Using 
the Eureka story break down Archimedes’ discovery into the steps of the scientific method. 
 
Create a chart to organize the data you have collected. Using this data graph your results. 
 
 
39 
 
 
 
Table 4 – Questions throughout the module have been categorized according to Bloom’s Taxonomy (1956). 
The questions were then organized in accordance with Liu’s (2010) test grid. 
 
Relation to 
Module Topic: 
Density 
Knowing Understanding Applying 
 
Historical 1 1 1  
Earth’s Interior   1  
Density of Solids 1 4 2  
Density of 
Liquids 1 3 2 
 
Density of Rocks 
And Minerals 1 3 2 
 
Math 
Computation 1 1 1 
 
Prior Knowledge 1    
Process Skills 4  3  
     
Subtotal 10 12 12  
    Total 
    34 
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Figure 1 - Representative pieces of “rocket hardware” used to represent the failed rocket launch for module 
Experiment 1 (density of solids). From left to right: PVC pipe, Galvanized Steel, Copper. Each piece has a 
different mass and volume. The NASA logo is from www.NASA.gov.
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Figure 2 – Representative samples of “unknown liquids” used in module Experiment 2 (density of liquids) to 
represent liquids collected by the NASA comet mission. 
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Figure 3 - The common liquids used for the liquid density experiment (module Experiment 2). From left to 
right: lamp oil, honey, rubbing alcohol, liquid dish detergent, heavy syrup, vegetable oil, and water. Where 
applicable, food coloring was added to the liquids to change their original color.
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Figure 4 - A properly constructed density column based on the calculated densities of the unknown liquids in 
module Experiment 2.
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Figure 5 - Rock and mineral samples used in module Experiment 3 to represent samples collected from the 
NASA space mission. Left Back Row: minerals - potassium feldspar, pyrite, halite. Left Front Row: minerals 
– sulfur, limonite, quartz, and Right Back Row: rocks - granite, basalt. Right Front Row: rocks - gabbro and 
diorite
45 
 
 
 
 
Figure 6 - Representations of the graphs students will be asked to create after the experiments. A.  Density of 
the "rocket parts" that students are asked to identify in Experiment 1 (solids). B.  Density of the unknown 
liquid(s) in Experiment 2. C. Density differences between similar rock types. Students will be asked to explain 
the similarities in density between the solids and liquids and to explain why there are differences between 
graphs A and C, even though they are both graphs of homogeneous solid objects.  
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“To raise new questions, new possibilities, to regard old problems from a new 
angle, requires creative imagination and marks real advance in science.” 
Albert Einstein
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REASONING ABOUT NATURE  
INSTRUCTOR MODULE – DENSITY
IM2 
 
NOTES TO THE INSTRUCTOR 
 
The Reasoning about Nature Project 
 
Project RaN (Reasoning about Nature) is an interdisciplinary research project that 
addresses the common science and mathematics deficiencies of many high school students by 
focusing on the history of science and the relationship between that history and modern scientific 
thought and practice. It is the result of a collaborative effort involving East Carolina University 
students and faculty from the Departments of Biology, Chemistry, Geological Sciences, 
Mathematics and Physics, as well as the College of Education.  
The geological sciences portion of project RaN has three specific goals: (1) to elucidate 
the relationships among the history of scientific discovery, the geological sciences, and modern 
scientific thought; (2) to develop, and utilize in the classroom, activity-based instructional 
modules that are relevant to the modern geological sciences curriculum and that relate 
fundamental scientific discoveries and principles to multiple disciplines and to modern societal 
issues; and (3) to use these activity-based modules to heighten students’ interest in science 
disciplines and to generate enthusiasm for doing science in both students and instructors. 
 
The people behind Project RaN: 
 
Zachary Robinson, PhD. Department of Mathematics, East Carolina University 
 
Catherine Rigsby, PhD. Department of Geological Sciences, East Carolina University 
 
Andrew Morehead, PhD. Department of Chemistry, East Carolina University 
 
Edmund Stellwag, PhD. Department of Biology, East Carolina University 
 
Jefferson Shinpaugh, PhD. Department of Physics, East Carolina University 
 
Anthony Thompson, PhD. Department of Mathematics, Science, and Instructional 
Technology Education, East Carolina University 
 
Karen Dawkins, PhD. Department of Mathematics, Science, and Instructional 
Technology Education, East Carolina University 
 
 
Funding for this project was provided by the East Carolina University Division of Research and 
Graduate Studies. 
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Relation to NCSCS Objectives and National Science Standards 
The Reasoning about Nature module Density is related to the following North Carolina 
Standard Course of Study (NCSCOS, 2004) Earth/Environmental Science goals and 
objectives: 
Competency Goal 2: The learner will build an understanding of lithospheric materials, tectonic 
processes, and the human and environmental impacts of natural and human-induced changes in 
the lithosphere. 
 
2.01 Analyze the dependence of the physical properties of minerals on the arrangement and bonding of their 
atoms. 
 
2.02 Analyze the historical development of the theory of plate tectonics. 
 
2.04 Analyze seismic waves including velocity and refraction to: 
• Infer Earth's internal structure.  
Competency Goal 3: The learner will build an understanding of the origin and evolution of the 
earth system. 
 
3.01 Assess evidence to interpret the order and impact of events in the geologic past: 
• Origin of the earth system.  
Competency Goal 4:  The learner will build an understanding of the hydrosphere and its 
interactions and influences on the lithosphere, the atmosphere, and environmental quality. 
 
4.01 Evaluate erosion and depositional processes: 
• Nature and characteristics of sediments.  
4.02 Analyze mechanisms for generating ocean currents and upwelling: 
• Temperature.  
• Coriolis effect.  
• Climatic influence. 
 4.03 Analyze the mechanisms that produce the various types of shorelines and their resultant landforms 
Competency Goal 5: The learner will build an understanding of the dynamics and composition of 
the atmosphere and its local and global processes influencing climate and air quality. 
 
5.01 Analyze air masses and the life cycle of weather systems: 
• Planetary wind belts.  
• Air masses.  
• Frontal systems. 
•  
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Competency Goal 6: The learner will acquire an understanding of the earth in the solar system 
and its position in the universe. 
 
6.01 Analyze the theories of the formation of the universe and solar system. 
 
6.02 Analyze planetary motion and the physical laws that explain that motion: 
• Rotation.  
• Revolution.  
• Apparent diurnal motions of the stars, sun and moon.  
• Effects of the tilt of the earth's axis. 
6.03 Examine the sources of stellar energies. 
• Life cycle of stars.  
• Hertzsprung - Russell Diagram. 
The Reasoning about Nature module Density is also related to the following National 
Science Education Standards programs (1996):  
 
Program Standard B 
 
The program of study in science for all students should be developmentally 
appropriate, interesting, and relevant to students' lives; emphasize student understanding 
through inquiry; and be connected with other school subjects. 
 
• The program of study should include all of the content standards. 
• Science content must be embedded in a variety of curriculum patterns that are developmentally 
appropriate, interesting, and relevant to students’ lives. 
• The program of study must emphasize student understanding through inquiry. 
• The program of study in science should connect to other school subjects. 
 
Program Standard C 
 
The science program should be coordinated with the mathematics program to 
enhance student use and understanding of mathematics in the study of science and to 
improve student understanding of mathematics. 
 
• Science requires the use of mathematics in the collection and treatment of data and in the 
reasoning used to develop concepts, laws, and theories.  
• School science and mathematics programs should be coordinated so that students learn the 
necessary mathematical skills and concepts before and during their use in the science program.
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Related Topics 
 
 In addition to the experiments, activities, and demonstrations contained in the 
module, we have attempted to provide information about the way the subject of density in the 
geosciences is related to the subject of density in other disciplines.  To this end, we have 
included a series of Interdisciplinary Connections – narratives about real-life scientific 
discoveries and applications related to the module topic – at the end of the Instructor section of 
the module.  In addition, throughout the Student section of the module, we use the following 
symbols to indicate places in the module where there are concrete connections to other science 
disciplines, places where the importance of the discipline to the module material is discussed, 
and module topics that are directly linked to other RaN modules: 
 
 
 - Chemistry          - Biology            - Physics / Physical Science 
 
 
 
 - Astronomy        - Earth Science        - Mathematics     ? - Why important 
 
 
Also, it is essential to understand that although there are many scientists that contribute to 
scientific discovery, all cannot be included in the module. Therefore, only selected scientists and 
their topic-related contributions are contained within the module. 
 
 
Science Timelines used for this module 
 
To organize historical time periods between Project RaN modules a general timeline was 
created. This is an attempt to eliminate timeline confusion between topics and modules. For 
example, in the event that Pre-scientific thought is referred to as early science or the Scientific 
Revolution time period is referred to as modern science, and so on.  The following time periods 
are used in the module: 
 
 
Pre-scientific (early): from the beginning of history up to the 16th century 
 
Scientific revolution (modern):  16th century through 18th century 
 
Current (contemporary): 18th Century through today 
 
Future:  To the outer limits and beyond  
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Module Structure and Suggestions for Use 
 
Although the material in the module could be used in its entireity – from beginning to end 
– such use is impractical in most classroom settings. Hence, the module is organized for quick 
reference to topic-specific materials. Any science instructor in any science discipline should be 
able to use a portion of this module when following either the National Science Education 
Standards or the NCSCOS Goals and Objectives.  
 
Student Module. The student module contains a narrative section that discusses the 
historical background of the topic, the scientists and experiments and discoveries that lead 
toward our current undertanding of density; current and future applications of density in a variety 
of geoscience and related disciplines; review questions; suggestions for further investigation; a 
section on laboratory safety;  student versions of three density experiments, complete with 
worksheets to aid the students through data and analysis and critical thinking about the 
experiments; and a glossary of important terms. 
 
Instructor Module. The instruction section of the module (this section) contains the 
details of three demonstrations, two student activities, and three experiments. It also contains 
completed versions of all of the student worksheets and a series of Interdisciplinary Connections 
narratives.   
 
Demonstrations. All of the demonstrations are related to convection. Demonstration 1A 
relates to thermal convection in the air. Demonstration 1B relates to convection in liquids. 
Demonstration 1C relates to convection in the mantle. These are only representative of the 
processes that are taking place on Earth. These demonstrations are optional and in most cases 
will be performed by the instructor. If, however, the students are at an appropriate level, the 
classroom has adequate materials, and proper supervision is provided, the demonstrations can be 
carried out by the students.   
 
Activities. The activities, all of which are directly related to current geosciences fields and 
use real-world density-related scenarios, are also optional. The first activity is computer-based, 
but can be adapted for situations where no computers are available. The second activity requires 
minimal supplies and should be adaptable to most regular classroom settings.  
 
Experiments. The first two experiments contained in this module – the density of 
irregularly-shaped objects and the density of liquids – are based on the early scientific 
discoveries of Archimedes. These experiments require minimal supplies outside of what should 
be provided in a standard science classroom. The materials can be picked up at a local hardware 
or department store at a low cost. The third experiment relates density to the identification of 
rocks and minerals, which is important practice in the field of geology. All three experiments 
include an instructor’s copy and a student’s copy.  
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Worksheets. Included with the experiments are mathematical worksheets to be completed 
by the students. The worksheet problems reiterate basic math conversion skills which many 
college professors feel students need practice. Conversion equivalents and the International 
System of Units (SI Units) are included as easy reference for students. Formulas for finding the 
area of shapes and formulas for finding the volumes of solids are also included.  
 
Laboratory Safety Rules. A complete list of lab safety rules is provided in the instructor 
portion of this manual. These rules/regulations can be adapted to any laboratory or experimental 
environment.  All of the rules may not apply to every experiment. It is the responsibility of the 
instructor to determine which rules are relevant for a particular setting or experiment and to 
distribute and explain those rules to the students prior to beginning any experiment. 
 
 
  
IM8 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Demonstrations, Activities, and Experiments 
(Instructor version) 
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General Safety Rules for the Science Laboratory 
The study of science often involves hands-on laboratory work. You may be doing many 
laboratory activities which require the use of hazardous chemicals. Safety in the science 
classroom or lab is the #1 priority. To ensure a safe learning environment, a list of rules has been 
developed and provided to you in this module. These rules must be followed at all times. Proper 
laboratory technique is essential for successful scientists. Your success will depend on your 
attitude and conduct. If you work with an attitude of rushing through, you will make mistakes.  
An interest in your work, an understanding of its purpose and a clear interpretation of your 
results are necessary factors for a good laboratory experience. The laboratory is a safe place to 
experiment if you are careful. You must assume responsibility for the safety of yourself and your 
neighbors. Following are some safety and procedural rules to help guide you in protecting 
yourself and others (especially the instructor) from injury in the laboratory. Notify your 
instructor immediately if there is an accident! 
1. Conduct yourself in a responsible manner at all times in the laboratory.  
 
2. Be familiar with your lab assignment before you come to lab.  Follow all written and verbal 
instructions carefully. If you do not understand a direction or part of a procedure, ask the 
instructor before proceeding.  
 
3. Never work alone. No student may work in the laboratory without an instructor present.  
 
4. When first entering a science room, do not touch any equipment, chemicals, or other materials 
in the laboratory area until you are instructed to do so. Perform only those experiments 
authorized by the instructor.  
 
5. Do not eat food, drink beverages, or chew gum in the laboratory. Do not use laboratory 
glassware as containers for food or beverages.  All chemicals in the laboratory are to be 
considered dangerous.  Do not touch, taste, or smell any chemical unless specifically instructed 
to do so. 
 
6. Safety goggles and aprons must be worn whenever you work in lab.  Gloves should be 
worn whenever you use chemicals that cause skin irritations or need to handle hot equipment.  
Wear older clothes that cover the maximum amount of skin.   
 
7. Observe good housekeeping practices. Work areas should be kept clean and tidy at all times. 
Bring only your laboratory instructions, worksheets, and/or reports to the work area. Other 
materials (books, purses, backpacks, etc.) should be stored in the classroom area. Clean your area 
when done. 
 
8. Know the locations and operating procedures of all safety equipment including the first aid kit, 
eyewash station, safety shower, spill kit, fire extinguisher, and fire blanket. Know where the fire 
alarm and the exits are located.   
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9. Be alert and proceed with caution at all times in the laboratory. Notify the instructor 
immediately of any unsafe conditions you observe.  
 
10. Dispose of all chemical waste properly. Never mix chemicals in sink drains. Sinks are to be 
used only for water and those solutions designated by the instructor. Solid chemicals, metals, 
matches, filter paper, and all other insoluble materials are to be disposed of in the proper waste 
containers, not in the sink. Check the label of all waste containers twice before adding your 
chemical waste to the container. Cracked or broken glass should be placed in the special 
container for “Broken Glass.”   
 
11. Keep hands away from your face, eyes, mouth, and body while using chemicals. Wash your 
hands with soap and water after performing all experiments.   
 
12. Experiments must be personally monitored at all times. You will be assigned a laboratory 
station at which to work. Do not wander around the room, distract other students, or interfere 
with the laboratory experiments of others. Do not leave open flames unattended. 
 
13. Students are never permitted in the science storage rooms or preparation areas unless given 
specific permission by their instructor.  
 
14. Know what to do if there is a fire drill during a laboratory period; containers must be closed, 
gas valves turned off, fume hoods turned off, and any electrical equipment turned off.  
 
15. Dress properly during a laboratory activity. Long hair, dangling jewelry, and loose or baggy 
clothing are a hazard in the laboratory. Long hair must be tied back and dangling jewelry and 
loose or baggy clothing must be secured. Shoes must completely cover the foot. No sandals are 
allowed. 
 
16. Report any accident (spill, breakage, etc.) or injury (cut, burn, etc.) to the instructor 
immediately, no matter how trivial it may appear. If you spill acid or any other corrosive 
chemical on your skin or clothes immediately wash area with large amounts of water. If a 
chemical should splash in your eye(s), immediately flush with running water from the eyewash 
station for at least 20 minutes. Notify the instructor immediately.  
 
17. Know the warning signs in the Laboratory (symbols may vary in labs) 
 
 
                                                 
       Biohazard     Chemical Hazard    Electrical Hazard    Radioactive      Explosive Hazard 
                            Hazard
 
 
                            
Animal Hazard        Glassware Hazard      Sharp Instrument         Fire Hazard             Eye Hazard 
       Hazard 
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18. Check the label on chemical bottles twice before removing any of the contents. Take only as 
much chemical as you need. Smaller amounts often work better than larger amounts.    
 
19. Never use your mouth suction to fill a pipette. Use a pipette bulb or pipette filler. 
 
20. Acids must be handled with extreme care. ALWAYS ADD ACID SLOWLY TO WATER, 
with slow stirring and swirling, being careful of the heat produced, particularly with sulfuric 
acid.  
 
21. Never take chemicals or other materials from the laboratory area.  
 
22. Take great care when transferring acids and other chemicals from one part of the laboratory 
to another. Hold them securely and in the method demonstrated by the instructor as you walk. 
 
23. When removing an electrical plug from its socket, grasp the plug, not the electrical cord. 
Hands must be completely dry before touching an electrical switch, plug, or outlet.  
 
24. Examine glassware before each use. Never use chipped or cracked glassware. Never use dirty 
glassware. Do not immerse hot glassware in cold water; it may shatter. 
 
25. Report damaged electrical equipment immediately. Look for things such as frayed cords, 
exposed wires, and loose connections. Do not use damaged electrical equipment.  
 
26. If you do not understand how to use a piece of equipment, ask the instructor for help. 
 
27.  SHOULD A BURNER GO OUT, IMMEDIATELY TURN OFF THE GAS AT THE GAS 
OUTLET VALVE.  Never reach over an exposed flame. Light gas burners only as instructed by 
the teacher. 
 
28. Never return unused chemicals to their original container (dispose of properly). 
 
 
If you are not sure about something – 
ASK YOUR INSTRUCTOR! 
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Demonstration # 1A: Thermal convection of air/water vapor (Clouds) 
 
Water evaporates from oceans, lakes, streams, and rivers when the sun (solar radiation) 
warms the Earth’s surface. The process of evaporation changes the water molecules from a liquid 
to a less dense vapor. Tropical areas on Earth have higher water-vapor content than polar areas. 
This is because the rate of evaporation is greater over warm waters than over cool waters. 
 
The amount of water-vapor in the atmosphere depends on temperature. The temperature 
at which atmospheric water vapor will condense into water is called the dew point. The air is 
considered saturated when this limit is reached. Humidity (the mass of water per volume of air) is 
the measured amount of water vapor in the air. 
 
As the air temperature falls, the air becomes saturated. When the dew point is reached, 
the air has reached its holding limit of water. As the air cools below the dew point, the water 
vapor molecules gather, or condense, onto the nearest surface. Condensation is the change from 
water vapor to a liquid. We see examples of condensation in many places, for example, morning 
dew on the windshield of a car is the result of condensation. In the atmosphere, condensation of 
water vapor molecules on small airborne particles produces cloud droplets, which in turn become 
clouds. 
 
The Process of Cloud Formation: When moist air warms, it rises, expands, and cools 
(cooler air cannot hold the water vapor) and water droplets form. These droplets attract one 
another and form a cloud. Therefore, a cloud is a mixture of water droplets and/or ice crystals 
formed from the rising and cooling of warm air. There are several conditions for cloud 
development.  
 
When the temperature on Earth’s surface increases rapidly air may rise from thermal 
convection. We have already stated that as warm air rises, it mixes with the cooler air above and 
eventually cools to its saturation point. The moisture from the warm air condenses to form a 
cloud. Now, as the cloud grows, it shades the ground from the sun which cuts off the surface 
heating. The lack of heating causes the cloud to dissipate (scatter). After the cloud dissipates, the 
surface will heat up again. This cycle of heating, rising and cooling is called thermal convection. 
 
The Earth’s topography (surface features of a place or region) influences cloud 
formation. Air is pushed upward as it moves over mountains. As the air rises, it cools. If the air is 
humid, clouds form. As the air moves down the other side of the mountain, it warms. This warm 
air is drier and less cloudy because most of the moisture was been removed from the air as it 
moved up the other side of the mountain. This is why clouds form more readily on the windward 
side of the mountain than on the leeward side. 
 
Clouds may also form as a result of converging air. When a cold air mass moves into a 
warm air mass, the warm air is forced up. Again, as the air rises, it cools and water vapor forms 
clouds. Cold fronts are associated with widespread cloudiness and thunderstorms. As warm air 
moves into an area of cold air, the warmer air (lower density) rides up over the colder (higher 
density) air. Warm fronts result in widespread cloudiness and light precipitation (any form of 
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water that falls to the Earth’s surface from the clouds) that may extend for thousands of square 
kilometers.  
 
 
 
Figure 1 – Cloud Formation 
 
Indoor Clouds – Demonstration Procedures 
 
Purpose: In this activity, you will illustrate the formation of a cloud from the condensation of 
water droplets. 
 
 
Materials:   
• glass jar (larger is better) or large glass beaker - 2 
• water  
• small metal baking pan 
• ice 
• hot plate 
• petroleum jelly 
 
 
Procedure: 
 
1.  Heat water in a jar or beaker (do not boil—boiling water may break the glass jar)  
 
2.  Place the ice in the metal pan. 
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3.  Dab a small amount of petroleum jelly around the rim of a second glass jar/beaker. (this forms 
a seal) 
 
4.  Pour the very hot water into a separate glass jar/beaker. (careful not to get burned) 
 
5.  Set the pan of ice on top of the jar/beaker. 
 
Observe a “cloud” as the ice above cools the air inside the top of the jar—water vapor condenses 
into water droplets to form a “cloud.” 
 
Questions for students: 
 
 What do you observe? 
 
Why does warm air rise? Why does cold air sink?  
 
What happens to the air above the rising warm air? What happens to the air that is below 
falling cool air? 
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Demonstration # 1B: Thermal convection of liquids   
  
Harry Hess developed the concept of seafloor spreading. Hess’s original hypothesis was 
that seafloor spreading is driven by deep mantle convection. Convection is a circulation pattern 
of rising hot, low density material and the sinking of cold high density material. The circulation 
of water in a boiling pot is an example of convection.   
 
 
 
The circulation of water in a boiling pot is easily portrayed in the above diagram, but it is 
a little more difficult to visualize the solid materials in the Earth’s mantle flowing as a liquid. 
Nevertheless, over long periods of time it is possible for the hot mantle rock to flow. A slow 
convective circulation is set up by temperature differences in the rock.  
 
 The movement of Earth’s plates is thought to move partially as a result of underlying 
mantle convection cells in which warm material from deep within the Earth rises toward the 
surface, cools, and then upon losing heat descends back into the interior, as shown in figure 2 
below.  
  
 
Figure 2 – Convection in the mantle 
 
A more recent model suggests that the lower part of the mantle does not mix with the 
upper and middle mantle, but behave like a “lava lamp” turned on low. This action is fueled by 
internal heating and heat flow across the core-mantle boundary. The variation of thickness of this 
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dense layer may control where mantle plumes rise and subducted plates come to rest. Alfred 
Wegener proposed that the continents drift across the face of Earth. This was the beginning of 
modern plate tectonic theories and gave us insight to Earth’s active history. 
 
Demonstration #1C: Convection in the Mantle: 
 
Materials: 
 
• Lava lamp 
 
Procedure:     1. Plug in the lava lamp. It will take time to heat up. 
   
Questions for students:  
 
What do you observe? 
 
Why does the gooey warm material rise? And then Sink? 
 
Describe the movement (if any) of the liquid the gooey material is moving in? 
 
How is this motion similar to that that is found in the Earth’s mantle? 
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Activity # 1: Online earthquakes (optional) (Materials/Instructions/procedures) 
 
An Earthquake (EQ) is the shaking of the ground due to sudden movement of rock along 
a fault within the Earth’s crust that releases energy as various kinds of seismic waves. 
Seismology is the study of earthquakes, their causes, and their effects. Movement occurs along 
fractures in the Earth’s crust. Geologists call these fractures faults. Faults are classified based on: 
(1) The type of movement along a fault plane (up, down, horizontal); (2) The relative direction of 
movement of the two fault blocks. There are 4 types of faults: Normal, Reverse, Thrust, and 
Strike Slip. Strongest EQs are usually caused by the brittle failure of rocks in response to 
tectonic stresses along active plate margins. The most likely mechanism to explain how EQ or 
seismic waves are generated by Shallow Focus EQs (<60km) is the Elastic Rebound Theory.   
 
Formulated in response to the 1906 EQ in San Francisco, the Elastic Rebound Theory 
states that: As a rock is deformed due to stress, it is continually storing elastic energy as it is bent 
and changed in shape.  Once the rock is strained beyond its elastic limit, it ruptures and snaps 
back to a new unstrained position, releasing all of its stored energy in the form of earthquakes or 
seismic waves.  
 
 EQs of volcanic origin are caused by magma shattering rock as it rises toward the surface 
before an eruption. These are generally small magnitude and are also called harmonic tremors. 
Minor EQs are also caused by injection of fluids into fractured rocks. Deep focus (>60 km) EQs 
cannot be explained using the Elastic Rebound Theory because rocks cannot rupture at such 
great depths due to high confining pressures. The most widely accepted idea is that they are due 
to phase changes in minerals in the upper mantle which result in closer packing of atoms within 
the minerals.  
 
Seismic, or earthquake, waves are detected and recorded by an instrument called a 
seismograph. These make use of the Principle of Inertia, resistance of a large stationary mass to 
sudden movement. This is necessary because when an EQ occurs, everything shakes so a frame 
of reference is needed that is relatively vibration free in order to quantify the amount of 
vibrations. Thus, a large mass is suspended from a spring to detect vertical motion (look up in 
textbook or on internet). When the ground vibrates, spring expands and contracts, but mass 
remains almost stationary. Distance between the mass and ground is used to measure the vertical 
displacement of the ground surface. Because EQs cause both vertical and horizontal ground 
motion, at least three seismographs must be set up to record the east-west, north-south, and 
vertical components of ground motion.  
 
 Primary or P-waves propagate through materials in a push- (compressional waves) and 
pull-type motion in the direction of travel (look up in textbook or on internet). Since P-waves 
cause a change in volume, and since all 3 states of matter resist a change in volume, P-waves can 
travel through all 3 states of matter.  Average velocity in the upper crust is ~6 km/s. Because 
they are the first to arrive at a seismograph station after an earthquake, they are called P-waves 
for Primary Waves.  
 
 Shear or S-waves can travel along the same paths as P-waves but only at about 60% of 
their velocity). S-waves have a horizontal component of motion that vibrates perpendicular to the 
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vertical component of motion in the direction of propagation (look up in textbook or on internet).  
S-waves only change the shape of materials in which they travel so they can only travel through 
solids and cannot travel through liquids and gases since these two states of matter do not resist a 
change in shape. Seismologists study these waves and can tell how and what kind of waves 
travel through the earth based on the nature of Earth materials and Earth Layer densities.  
 
Earthquake Focus (hypocenter) – source area or point within Earth’s upper mantle or crust 
where the rock breaks or ruptures. EQs can occur anywhere from the surface to about 700 km. 
 
Earthquake Epicenter – the point on the earth’s surface directly above the EQ focus. Normally, 
the closer to the epicenter, the more damage. 
 
 
 
Earthquake Magnitude – is the quantitative measure of the amount of ground shaking and 
ultimately the amount of energy released by an earthquake. 
 
Earthquake Intensity – is a subjective qualitative measure of the kind of damage done by an 
earthquake. It is determined from its effects on people, human structures, and the natural 
environment. 
 
Please visit the following website to become a virtual seismologist.  
 
http://www.sciencecourseware.com/VirtualEarthquake 
 
Follow the instructions carefully. 
 
Materials:  
 
• Internet access/Computer 
• Calculator 
• Pen/Pencil 
• Paper 
• Printer 
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Activity # 2: Reading reflections of a seismic line (optional) 
 
How do scientists determine underground features in the Earth? Scientific probes are 
unable to reach more than a few miles below Earth’s surface. This makes it impossible for 
scientists to directly observe or explore great depths. Almost all 6000+ km of Earth beneath the 
surface is unreachable by humans. Yet, scientists have a pretty good understanding of how thick 
the Earth’s layers are and understand their physical properties.   
 
As stated in the historical background reading material, Beno Gutenberg (1914) supplied 
the first logical description of the Earth’s subsurface. His investigations confirmed that the 
Earth’s composition was not that of a solid homogeneous body, but was divided into layers. The 
temperature and physical properties that are found in Earth’s core were first approximated by 
Gutenberg (Haven, 2007). Gutenberg also discovered that tremors that were powerful enough to 
be detected in multiple locations did not always result in seismic waves reaching all parts of the 
Earth’s surface. For example, he noticed that no seismic waves were detected straight across the 
planet from the earthquake location – in a region called a shadow zone (figure 3). He also 
observed that different seismic waves traveled on various paths through the earth and did so at 
different speeds. Beno Gutenberg compared the earth’s interior to that of an egg. The surface 
(the lithosphere) is thin and brittle, similar to the shell, the core is dense, like the yoke, and the 
middle layer (the mantle) is less dense than the core, like the egg white (Haven, 2007).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3 – A. The boundary between the mantle and the core was discovered because of a zone on the opposite side of the Earth 
from an Earthquake focus which receives no direct P-waves. The P-waves are refracted inward as a result of the sudden decrease 
in velocity at the boundary. This zone is called a P-wave shadow zone. B. The P-wave discovery was followed by the discovery 
of an S-wave shadow zone. The S-wave shadow zone occurs because no S-waves reach the area on the opposite side of the Earth 
from the focus. Since no direct S-waves arrive in this zone, it implies that no S-waves pass through the core. This further implies 
the velocity of S-wave in the core is zero. In liquids S-wave velocity is equal to zero. From this it is assumed that the core or at 
least part of the core is in the liquid state, since no S-waves are transmitted through liquids. The S-wave shadow zone is best 
explained by a liquid outer core. (Modified from Takeuchi et al., 1970; Bolt, 1982).  
 
These differences in densities affect the path of seismic waves through the Earth. The 
waves change velocities and are reracted when they reach layers of different densities. Gutenberg 
collected enough data from diffractions of many seismic waves to determine the density and size 
of the Earth’s interior. He predicted that the core was liquid iron and nickel and that the mantle 
was composed of rock materials. In 1938 Inge Lehmann completed a detailed study of a certain 
     A - low velocity core               B – low velocity liquid core 
S-wave Shadow Zone 
EQ Focus 
Liquid 
Core 
 
EQ Focus 
P-wave Shadow Zone P-wave Shadow Zone 
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type of seismic waves – “P” waves or Primary waves (P waves are compressional waves and 
travel at the highest velocity; hence, they arrive first) – and determined that the Earth’s core is 
divided into a liquid outer core and a denser solid inner core. She also divided the mantle into the 
inner and outer layers (Haven, 2007). 
 
Seismic techniques continue to improve as technology improves. Geologists have 
discovered that by using an explosive device, or by pounding large weights against the Earth’s 
surface, or by discharging bursts of compressed air (figure 4) into lakes or oceans, they can 
create an artificial seismic wave that will transmit down into the subsurface. This allows 
geologists to create a cross-sectional view called a seismic-reflection profile. The image 
produced will define the thickness of layers of strata and locate subsurface folds and faults. Oil 
companies produce many seismic-reflection profiles. These profiles allow geologists to identify 
potential oil and gas deposits underground (D. Lawrence, pers. comm.). Computers can produce 
three-dimensional seismic-reflection images of the crust.  The images provide enough detail that 
a geologist can trace a ribbon of sand that represents an ancient stream channel several 
kilometers below the surface. 
 
Where does oil and gas form? Many people believe that the remains of buried trees and 
dinosaurs are the source of underground oil. However, the primary sources of organic chemicals 
in oil and gas are dead algae and plankton bodies. When algae or plankton die, they settle to the 
bottom of a quiet lake or sea. These bodies often mix with clay which creates organic rich muddy 
ooze (D. Lawrence, pers. comm.). Eventually, this ooze gets buried, lithifies, and becomes black 
organic shale. If the shale is buried deep enough it warms. At about 100oC chemical reactions 
slowly transform the organic material into waxy materials called kerogen. Over millions of years 
the kerogen turns into a mixture of tar, oil, and gas and is called oil shale. Eventually, the 
kerogen molecules break apart to form oil and natural gas. At temps over 160oC any remaining 
oil breaks down into natural gas, and at temps over 250oC the remaining organic materials 
transforms into graphite.  
 
 
Figure 4 - Seismic surveys are carried out extensively offshore to search for potential reserves of oil and gas in 
the subsurface rock formations. Seismic survey vessels tow streamers suspended below the surface which 
carry hydrophones. Sound waves are transmitted from the vessel, using compressed air guns, through the 
seabed and are then reflected back from the different layers of rock. These reflected sound waves are 
received by the hydrophones located along the seismic streamers (Modified from www.fishsafe.eu).  
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Interpreting a Seismic Line – Activity Details 
 
Instructors should cover some material related to subsurface features prior to this activity. For 
example, faults, folds, reservoir rock, traps, and permeability. 
 
Materials:   
 
• Copy of seismic-reflection line (included in module) 
• Colored pencils 
• Ruler with millimeter scale 
 
Procedures: 
 
Using the seismic-reflection profile, try to color in the various layers of the formation. 
Start at the left side of the profile and color in the formation boundary across the profile all the 
way to the right side. Try to identify the faults. The goal of this activity is to decide where the 
best place for an oil drilling rig is based on your interpretations. 
 
Hints: (this task is not as clear-cut as it may seem: take your time) 
Begin at the left side of the profile. Reflected time increases down the Y axis. Here are where the 
required formations begin: at ~0.9 seconds, the Purple formation; at ~1.3 seconds, the Gold 
formation; at ~1.48 seconds, the Pirate formation; at ~1.7 seconds, the Skully formation; at ~1.8 
seconds, the ECU formation; at ~1.9 seconds, the Flanagan formation; and at ~2.1 seconds, the 
Graham formation. 
 
Based on your knowledge of liquid densities, and a few of the variables discussed previously in 
the module, draw in an oil rig above the location (at about 0.4 seconds) you think is most likely 
to contain oil or gas.  
 
Label your seismic line (a labeled paper is a happy paper). 
 
Questions: 
 
Based on your interpretation of the seismic-reflection line, what geologic features would 
lead you to believe there is oil or natural gas in a certain area under the subsurface? 
 
Why would oil or natural gas be found here? 
 
Explain why S-waves will not travel through the core. 
 
Explain how the density of Earth’s interior affects seismic waves. 
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Experiment # 1:  The density and volume of irregularly-shaped objects 
 
Instructor’s Copy 
 
Prep-time  
 
You will need at least a day (maybe two) to collect the materials used for this experiment. Set-up 
in the classroom should only take about 15-20 minutes (you may want to set it up the night 
before). The time for students to complete the experiments and worksheets should be 1 to 1½ 
hours (includes clean-up). 
 
Materials: 
 
• hex-nuts, washers, bolts, screws, brackets (or other items - hardware) of the same 
composition (local hardware store) you need enough for each station to have several of 
each 
• 100 mL graduated cylinder (most school science departments) 
• Water (tap water will do)  
• Scientific scale in grams (most school science departments) 
• Paper towels for cleaning up (janitorial supplies) 
• Ruler (cm scale) 
• Pen/Pencil (students should have this) 
• Paper for taking notes/recording data (students should have this) 
• Calculator (students should have this) 
 
Procedures Instructor 
  
1. When purchasing the hardware, make sure you get objects made of the same materials (i.e., 
steel, brass, etc.). If affordable, each group may use hardware of different compositions (groups 
can share their data). You will need to determine the average density for the hardware that you 
are using. For this example the densities of the materials are provided. 
 
2. The instructor should determine the density, mass, and volume of each type of hardware 
before the students begin the experiment. 
 
3. Divide the students into lab groups (1-4) per station or as you see necessary. 
 
4. Each station should have 1 scientific scale, 1 100 mL graduated cylinder, water or water 
source, a variety of hardware of different composition and sizes, and paper towels. Each student 
or group should have a pen, paper, calculator, and a ruler. 
 
5. Give each station a bag of mixed hardware that contains some of each type of material. Then 
have each group determine the densities of their hardware. 
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The purpose: Students should realize that objects of different volumes and mass should have the 
same densities if they are made of the same materials. Students will be asked to separate the 
mixed bag of hardware into separate density groups. 
 
The material contained in this section comes directly from the NASA Stardust Mission: 
http://www.nasa.gov/mission pages/stardust/mission/index.html 
 
Deep-space Mission 
 
The Stardust spacecraft was launched on February 7, 1999. Its primary goal is to collect 
comet dust during its closest encounter with Comet Wild 2 (pronounced "Vilt 2"and named after 
its Swiss discoverer). In addition, during part of its flight, an attempt was made to collect 
interstellar dust. In January 2004, the Stardust spacecraft flew through comet dust and captured 
specks of it in a very light, low-density substance called aerogel. During the encounter, the Dust 
Flux Monitor recorded rates of impact of dust particles while the Comet and Interstellar Dust 
Analyzer (CIDA) did real time analyses of their compositions. But primarily, Stardust captured 
samples and stored them for safe keeping on its long journey back to Earth. 
 
Stardust's return capsule parachuted to the Utah Test and Training Range on Jan. 15, 
2006 after a seven-year mission. The science canister containing the comet particles and 
interstellar dust particles were taken to NASA’s Johnson Space Center. From there, the cometary 
samples have been processed and distributed to about 150 scientists worldwide who are using a 
variety of techniques to determine the properties of the cometary grains. Many scientists believe 
that comets are largely made of the original material from which our solar system formed and 
could contain pre-solar system, interstellar grains, although so far they appear to be very rare.  
The comet particles have a wide range of compositions and mineralogies, indicating that there 
had to have been substantial radial mixing in the solar nebula. Continued analysis of these 
celestial specks may well yield important insights into the evolution of the Sun, its planets, and 
possibly even the origin of life. NASA has been preparing for another mission. 
 
Problem  
 
Before the successful comet mission NASA encountered problems with their deep-space 
probe rockets. During numerous practice launches, the capsule containing the deep-space probe 
has fallen off of the rocket within minutes after each launch. NASA scientists have been re-
evaluating the materials used in capsule construction (the rocket mounts and their hardware) and 
other variables (electronic components, programs, and design models) used to construct the 
rocket. The president of the ACME (Analysis of Cosmic Materials and Exploration) Rocket 
Corporation has assured NASA that all of the parts that the company supplied were of the 
highest quality and met all of NASA’s standard requirements, so he blamed the malfunctions on 
the technicians.  
 
Hypothesis 
  
One of the service technicians in charge of mounting the capsule to the rocket collected 
the debris from the failed rocket launches. His job was to re-assemble the capsule and mounting 
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brackets, to the best of his ability, using the recovered parts. Upon completion, from one of the 
earlier rockets, he noticed that the hardware that was used to secure the capsule to the mounting 
bracket was slightly deformed. Was this due to the intense heat from the explosion, from the 
impact with Earth, or from another factor? After each unsuccessful launch, his recovery team 
collected the remains and pieced together the capsules. After five reconstructions he noticed that 
much of the hardware from each capsule was slightly deformed. He went to the storage facility 
and located the numerous cases of hardware. He opened several new cases and examined the 
pieces. Each case of hardware was the same color. Each case felt the same weight, and each 
piece in the case appeared to be of the same size and shape. He knew that there was something 
different about the cases of hardware, but he had to have proof before he could go to his 
superiors.  
 
Your job as an emergency service technician for NASA is to identify the faulty hardware 
contained in your sample. 
 
The Stardust information can be found at www.nasa.gov using keyword “stardust”. The story 
contained in this lab has been customized to relate to the module topic.  
 
Research 
 
Recall the story of Archimedes and the Gold Crown: King Hieron called upon 
Archimedes to determine the gold content of the crown. He did not know any way of 
determining the relative density (mass/volume) of an irregularly-shaped object. The weight could 
be determined using a balance or scale, but the only way known, at that time, to determine 
volume was to pound the crown into a solid cube. Since King Hieron had specified that the 
crown could not be damaged, Archimedes did not want to incite the king’s wrath from pounding 
the crown into a cube. So, Archimedes took the crown home. He sat looking at it and wondered 
what he could do. He weighed the crown, then he weighed a piece of pure gold like the one the 
goldsmith had been given. The crown weighed exactly the same as the gold. One evening, after 
many days of thinking, the answer came to Archimedes while he was taking a bath. His servants 
had filled the tub with water all the way to the rim. As Archimedes lowered himself into the tub, 
the water overflowed onto the floor. Suddenly, he gave a shout and jumped from the bath. He ran 
down the street shouting, “Eureka!” In Greek, this means “I have found it.”  
 
The underlying discovery is: Archimedes had shown that when an object is placed in 
water it displaces an amount of water equal to its own volume (Richard, 2003).  
 
Student Procedures 
 
1.  Collect pieces of the failed rocket launches (provided by your instructor). There should be a 
variety of pieces in different shapes and sizes (hex-nuts, washers, bolts, screws, brackets, tubing 
or other items) 
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2.  Make sure that your research/work station has the appropriate materials to conduct your 
investigations.  
 
You will also need: 
 
• 100 mL graduated cylinder  
• Water 
• Scientific scale in grams  
• Paper towels for cleaning up  
• Ruler  
• Pen/Pencil  
• Paper for taking note/recording data  
• Calculator  
3. Create a data chart (use chart below as an example to create a chart of your own) Make sure 
you have enough rows and columns. To ensure you have ample space on your chart, wait until 
you collect your samples to draw the chart. 
 
Example: 
Trial #  Sample 1    Sample 2     Sample 3     Sample 4    Sample 5    
 (grams)                
T1 Mass   5            
T2 Mass   6             
T3 Mass   5             
T4 Mass   6             
T5 Mass   5             
AVG Mass (g)   5.4             
                 
T1 Volume mL   3             
T2 Volume mL   3             
T3 Volume mL   4             
T4 Volume mL   4             
T5 Volume mL   3             
AVG Vol mL  3.4             
                 
Avg Density g/mL       ?         
           
Avg Density g/cm3     ?             
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4. Fill the cylinder with water to any level above the 20 mL mark. Be sure to measure the water 
level at the bottom of the meniscus, not the top of the water level on the sides of the cylinder) 
Remember what level you fill it to (it does not have to be the same level every time). You may 
want to write it on a scrap piece 
of paper.  
 
5. Separate the hardware 
samples. Be sure to keep them 
separated during and after the 
experiment so you know which 
one is which. 
 
6. Record the mass (in grams) of 
sample 1 on your data chart under sample 1 - T1 mass. Repeat this process 5 times for each 
sample and record the results on your data chart under T1 mass for trial 1, T2 mass for trial 2 and 
so on. 
20 mL 
50 mL Measure to bottom of 
meniscus 
 
7. Gently place sample 1 into the cylinder. Observe and record where the water level is and 
subtract beginning level from this level (this gives you the volume of the sample in mL: 50 
mLtotal – 20 mLbeginning = 30 mLfinal) Mark this difference on your data sheet as volume in 
milliliters under Sample 1 = T1 Volume. Take the hardware out of the cylinder and dry it with 
the paper towels. Refill the cylinder - observe and record where the water level is. Again, gently 
place sample 1 into the cylinder.  Observe and record where the water level is and subtract the 
beginning level from this level. Mark the difference on your data sheet as volume in milliliters 
under sample 1 = T2 Volume. Repeat this process 5 times for each sample recording the data as 
Sample 1 = T1 volume for trial 1, Sample 1 = T2 volume for trial 2 and so on. 
 
8. Convert milliliters to cubic centimeters (use the chart at the back of the module if necessary). 
 
9. Repeat the above steps for each sample. Calculate the average mass and volume of all 5 
samples and record them on your data chart. For example: total of mass samples (T1 through T5) 
divided by number of trials (5) 
 
10. Using the formula D = m/v, determine the density of all 5 hardware samples in g/mL. Be sure 
to convert units (Density is expressed in grams per centimeter cubed [g/cm3]) 
 
Use the example to the right to create a graph with the mass of the 
object on the y axis and the volume of the object on the x axis. 
Use your data chart to plot the calculated density for each sample. 
Draw a best-fit line.  
 
Using Technology: (optional) Create a spreadsheet in Excel (or 
similar program) using your data. Create a graph for each sample.  
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Instructor’s Conclusion (reveal after students complete the exercise) 
  
After discovering that some of the hardware was made with different materials, the 
technician took the results to his supervisor. The contractor had been mixing in cheaper hardware 
with the higher quality hardware. It was costing NASA millions of dollars per launch.  
 
 The technician discovered that although objects have different volumes and different 
weights their density should be the same if the objects are made with the same materials. 
Remember, weight is the force that gravitation exerts upon a body, and mass is how much matter 
is in a unit volume. The mass of an object is not dependent on gravity and therefore is different 
from but proportional to its weight. 
 
 
Data analysis for instructor: 
 
PVC Pipe      density = ~1.50 g/cm3 
 
Galvanized density = ~7.80 g/cm3 
 
Copper  density = ~8.94 g/cm3 
 
Aluminum density = ~2.70 g/cm3 
 
Iron  density = ~7.87 g/cm3 
 
The density values listed above are approximated. The materials in the hardware store may contain 
imperfections in their compositional make-up. 
 
Questions/worksheets 
 
1. How was this experiment similar to Archimedes’ Gold Crown Experiment? 
 
2. Could you determine the volume of the hardware some other way? Explain. 
 
3. What did you notice that was different about the samples? What was the same? 
 
4. Why do you need to try the experiment more than once per sample? (Or any experiment for 
that matter) 
 
5. Discuss what you can determine from the data/graph. (save your graph for later use) 
 
6. Complete the Density/conversion worksheets. 
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Student Worksheet 
 
Answer the following questions. Remember to include units and significant figures in your 
answer. Don’t forget to convert the units if necessary. Show all of your work! (use another sheet 
of paper if necessary) Use Proper Units! (Instructor can change variables as necessary) 
 
Calculate the density of each of the following: 
 
a. 156 mL of a solution with a mass of 325 g. 
 
156 mL = 156 cm3    D= m/v    D = 325 g / 156 cm3   D = 2.083 g/cm3 
 
b. 250 mL of a solution with a mass of 450 g. 
 
250 mL = 250 cm3   D = m/v  D = 450 g / 250 cm3  D = 1.8 g/cm3 
 
c. A 6.50 g solid with a volume of 5.25 cm3.  
 
D = m/v D = 6.50 g / 5.25 cm3   D = 1.24 g/cm3 
 
d. 75.0 mg of a gas which occupies a volume of 0.0090L. 
75.0 mg = 0.075 g    0.0090 L = 9 mL     D = m/v   D = 0.075 g / 9 cm3  D = 0.0083 g/cm3 
  9 mL = 9 cm3 
e. A substance with a mass of 7.55 x 104 kg and a volume of 9.50 x 103 L. 
7.55 x 104 kg = 7.55 x 107 g  D = m/v    D = 7.55 x 107 g / 9.5 x 106 cm3 
9.5 x 103 L = 9.5 x 106 mL     
9.5 x 106 mL = 9.5 x 106 cm3   D = 7.95 g/cm3 
 
Calculate the volume of each of the following: 
 
f. 31.2 g of a solution (liquid) with a density of 6.52 g/mL. 
6.52 g/mL = 6.52 g/cm3 
 
V = m x D  V = 31.2 g x 6.52 g/cm3  V = 203.42 cm3 
 
g. A 2.75 kg solid with a density of 9.65 g/mL. 
2.75 kg = 2750 g  9.65 g/mL = 9.65 g/cm3 
V = m x D  V = 2750 g x 9.65 g/cm3 V = 26537.5 cm3  
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Calculate the mass of each of the following: 
 
h. A solid with a volume of 1.75 ft3 and a density of 10.2 g/mL. (convert to pounds) 
1.75 ft3 = 47250 cm3  m = v x D  
10.2 g/ml = 10.2 g/cm3  m = 47250 cm3 x 10.2 g/cm3 m = 481950 g    
m = 1062.52 lbs 
(1 pound = 453.59 g) 
 
i. A 70 mL aliquot of a solution with a density of 6.50 g/cm3.  
 
70 mL = 70 cm3 m = v x D m = 70 cm3 x 6.5 g/cm3 m = 455 g 
 
j. A solid with a density of 2.41 g/mL and dimensions of 3.0 cm x 3.0 cm x 3.0 cm. 
2.41 g/mL = 2.41 g/cm3 3cm x 3cm x 3cm = 27 cm3 m = v x D 
                                                m = 27 cm3 x 2.41 g/cm38 
 
 
After you answer the questions and complete the conversion exercise answer the following 
question: (In your own words) What was the importance of this experiment? (What did you 
conclude from this experiment and the data you collected?) 
  
A: Although objects have different volumes and different weights their density should be the 
 same if the objects are made with the same materials. (density should be the same for all 
 objects of the same material regardless of its volume and mass) 
  
 They may also discuss which materials/objects had a different density that the rest of the 
 similar group. 
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Experiment # 2:  The density of known and unknown liquids 
   
Instructor’s Copy 
 
Prep-time  
 
You will need at least a day (maybe two) to collect the materials used for this experiment. 
Materials can be found at a local grocery store. Set-up in the classroom should only take about 
15-20 minutes (you may want to set it up the night before). The time for students to complete the 
experiments and worksheets should be 1 to 1½ hours (includes clean-up). 
 
Materials: 
 
• Light Karo Syrup      
• Distilled water (tap water can be used)    
• Vegetable oil       
• Dawn Dish Soap (blue)      
• Rubbing alcohol      
• Lamp oil: any color      
• Honey  (or other heavy liquid)    
• 100 mL Graduated cylinders     
• 500-1000 mL beaker 
• Scientific scale  
• Pen/paper 
• Food coloring (various colors) 
• Container of Italian dressing (no label) 
• Small cups or containers 
• Larger containers or beakers 
• Calculator 
• Paper towels 
The liquids used in this experiment can be changed as the instructor deems necessary.  
Procedures Instructor 
  
 At the beginning of the lab/class period, shake the bottle of Italian dressing (with label 
removed) and set it where the students can see it. Have the students describe/explain what they 
observe. Later after the experiment, have the students explain what they observe again (note any 
changes) 
 
1. The day before the experiment for class, separate the contents (they should be room 
temperature) of the liquid materials into the larger containers. Do not label the containers other 
than with sample 1, 2, 3 etc. (students will have to determine the contents in experiment). Use 
the food coloring to tint the rubbing alcohol, water and light syrup, and use drastically different 
colors (the other liquids will be too difficult to color).  
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2. Each lab station will need; 1 100 mL graduated cylinder, 1 500-1000 mL beaker, 7 
cups/containers of unknown colored liquids numbered 1-7, scientific scale, paper towels 
 
3. Divide the students into lab groups (1-4) per station or as you see necessary: each student or 
group should have a pen, paper, and calculator 
 
4. The instructor should determine the density of each type of liquid before the student’s 
experiment (just for practice). The densities are provided. 
 
The material contained in this story can be found directly on the NASA website. NASA Stardust 
Mission: http://www.nasa.gov/mission pages/stardust/mission/index.html 
 
Deep-space Mission Continued 
 
When NASA's Stardust mission returned to Earth with samples from comet Wild 2 
(pronounced "Vilt-2") in 2006, scientists knew the material would provide new clues about the 
formation of our solar system, but they didn't know exactly how. New research by scientists at 
Lawrence Livermore National Laboratory, Livermore, Calif., and collaborators reveals that, in 
addition to containing material that formed very close to the young sun, the dust from Wild 2 
also is missing ingredients that would be expected in comet dust. Surprisingly, the Wild 2 comet 
dust samples better resemble a meteorite from the asteroid belt rather than an ancient, unaltered 
comet. 
Much of the comet dust returned by NASA's Stardust mission formed very close to the 
young sun and was somehow differentiated from the other materials that are believed to have 
formed in the early solar system. NASA scientists also discovered glycine, a fundamental 
building block of life, in samples of comet Wild 2 returned by NASA's Stardust spacecraft. 
Glycine is an amino acid used by living organisms to make proteins, and this is the first time an 
amino acid has been found in a comet. The discovery supports the theory that some of life's 
ingredients formed in space and were delivered to Earth long ago by meteorite and comet 
impacts. 
 
Problem  
  
 Stardust passed through dense gas and dust surrounding the icy nucleus of Wild 2 
(pronounced "Vilt-2") on January 2, 2004. As the spacecraft flew through this material, a special 
collection grid filled with aerogel – a novel sponge-like material that is more than 99 percent 
empty space – gently captured samples of the comet's gas and dust. The grid was stowed in a 
capsule which detached from the spacecraft and parachuted to Earth on January 15, 2006. Since 
then, scientists around the world have been busy analyzing the samples to learn the secrets of 
comet formation and our solar system's history. 
 
Along with the materials mentioned above, NASA scientists also discovered an unknown 
liquid contained in the samples. Dust samples melted at room temperature and formed liquids. 
The samples were separated and kept in containers until they could be analyzed. The liquid 
resembled many that can be found on Earth, but scientists wanted to know exactly what they 
were dealing with.  
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Hypothesis 
  
NASA scientists were divided. Some believed that the liquid was toxic and should not be 
exposed to anyone on Earth and some believed that the liquid may have properties that could 
benefit mankind. Could this liquid from the comet have helped with mass extinctions in the past? 
Could this liquid have helped life begin on Earth? Scientists analyzed aluminum foil from the 
sides of tiny chambers that hold the aerogel in the collection grid. As gas molecules passed 
through the aerogel, some stuck to the foil. Scientists spent two years testing and developing 
equipment to make it accurate and sensitive enough to analyze such incredibly tiny samples. 
 A lab technician was working late one night. As she went over the data she noticed a 
similarity in one of the properties of the materials collected from the mission. She immediately 
began testing the liquid and compared it to the known liquids found on earth. 
 
Research 
  
About 1586, Galileo invented a device, based on Archimedes’ work, which weighed 
objects in both air and in water and wrote about it in a work called the Little Balance (Drake, 
1972; Doak, 2005). This device used measurements of mass, both in and out of water, to allow 
calculations for what is now known as specific gravity. Specific gravity is the weight of material 
in air divided by the weight (or the ratio of weights) of an equivalent volume of water at 4o C. 
 Galileo understood how to determine what is now called the density of an object. He 
knew that different materials had different densities based on the experiments of Archimedes. 
What about the densities of fluids the objects were floating in? Would this affect a solid’s 
density? Archimedes had experimented with the upward force produced by liquids, which 
supports objects placed in the liquid (buoyancy), and discovered that this force was greater in salt 
water than in pure water (Lafferty, 1991) and found that pure substances always have the same 
density. Archimedes had made an instrument called a hydrometer to measure the density of a 
liquid. 
 
Procedures Student: Part 1 
  
Your job as a NASA lab technician is to determine the composition of the liquid 
contained in your sample.  
 
1. Create a data chart. Fill in the chart with the appropriate labels to record data for your 
experiment. 
 
                 
                      
                      
                      
                      
                      
                       
                      
IM34 
 
2. Weigh the empty 100 mL cylinder. Record the mass. 
 
3. Slowly pour one liquid at a time from one of the numbered containers into the cylinder trying 
to keep the liquids off of the sides of the cylinder. Fill to any level above the 20 mL mark. Be 
sure to measure the liquid level at the bottom of the meniscus (if there is one), not the top of the 
liquid level on the sides of the cylinder). Remember what level you fill it to (it does not have to 
be the same level every time). Record the volume of the liquid in mL. (Sample 1, T1 Vol = 5 
mL) 
 
 
Measure to bottom of 
meniscus 
20 mL 
 
 
 
 
 
 
 
 
 
 
4. Weigh the cylinder and liquid together. 
 
5. Record the mass (in grams = weight of cylinder and liquid minus weight of empty cylinder) of 
sample 1 on your data chart. This gives you the mass of the volume of liquid (g/mL). Usually, 
you would repeat this process 3-5 times for each sample and record the results on your data 
chart. For this experiment, you will consult with other groups for their data because 
communication between scientists is important. Ask other groups for their experiment data for 
each sample. You need three data for each sample; you have one of your own. Determine which 
data is accurate (pretty close to what you have) and determine the average mass of the three 
samples. Each group will collect at least 1 data set for each sample. If there are large 
discrepancies between data, the sample needs to be re-evaluated (done over). 
 
6. Repeat the process for each sample. 
 
7. Before testing a different sample, the cylinder must be washed thoroughly and dried as 
completely as possible. Do not force paper towels into a glass cylinder. 
 
8. Convert milliliters to cubic centimeters (use the chart at the back of the module if necessary). 
 
9. Determine the average mass and volume of all 7 samples and record them on your data chart. 
 
10. Using the formula D = m/v, determine the density of all 7 liquid samples. Density is 
expressed in grams per centimeter cubed (g/cm3) 
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Using your recorded data create a graph with the mass of the object on the y axis and the volume 
of the object on the x axis. Use your data chart to plot the calculated density for each sample. 
Draw a best-fit line.  
 
Using Technology: (optional) Create a spreadsheet in Excel (or similar program) using your data. 
Create a graph using your data  for each sample.  
 
Questions: 
 
1. Could you determine the volume of the liquids some other way? If so, explain. 
 
2. Why do you need to try the experiment more than once per sample? (Or any experiment for 
that matter) 
 
3. Why is communication between scientists important? Did you see any data that did not closely 
resemble yours? Explain. 
 
4. Discuss what you can determine from the data/graph. (save you graph for later use) 
 
5. Complete the Density/conversion worksheets. 
 
Procedures Student: Part 2 
 
Create a density column. Start your column by pouring the honey into the large beaker. 
Now, you will pour each liquid SLOWLY into the container, one at a time. Make sure you pour 
them in the following order: highest density to lowest density based on your data (A slow steady 
pour from a cup to graduated cylinder worked the best during initial experiments). 
 
Note: It is VERY important to pour the liquids slowly and into the center of the cylinder. Make 
sure that the liquids do not touch the sides of the cylinder while you are pouring. Also, it is okay 
if the liquids mix a little as you are pouring the layers should even themselves out because of the 
varying densities. 
 
If you do not pout them slowly and in the proper density order, you will only get a messy 
container of liquids… 
 
Optional: Under the supervision of your instructor, pour one of the liquids into a glass beaker 
and set it on a burner – MAKE SURE THE LIQUID IS NOT ONE OF THE FLAMABLE 
LIQUIDS. Repeat the experiment using a heated liquid. Compare the densities of the heated 
liquid to the room temperature liquid. Repeat this process for a chilled liquid. Have the students 
create graphs and explain why there should be differences in the densities of the heated, chilled, 
and room temperature liquids even thought they are the same liquid. 
 
The experiment has been adapted from liquid density experiments found online at 
http://www.stevespanglerscience.com  
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Conclusion 
  
The lab technician noticed similarities in the densities of the unknown liquids from the 
comet’s material to some common densities found in Earth liquids. When she compared the 
experimental data to the known data, she discovered that the unknown liquid’s density was 1 
g/cm3. What common liquid on Earth has a 1 g/cm3 density?  
 The technician discovered that although liquids that look the same may have the same 
volume and very similar weight, their masses too can vary greatly. Remember, weight is the 
force that gravitation exerts upon a body, and mass is the amount of matter per unit volume. The 
mass of an object is not dependent on gravity and therefore is different from but proportional to 
its weight (even in deep space). 
 
Data Analysis for instructor 
 
The same amount of two different liquids will have different weights because they have 
different masses. The liquids that weigh more (have a higher density) will sink below the liquids 
that weigh less (have a lower density). To test this, you might want to set up a scale and measure 
each of the liquids that you are pouring into your column. Make sure that you are measuring the 
weights of equal portions of each liquid. You should find that the weights of the liquids 
correspond to each different layer of liquid. For example, the honey will weigh more than the 
Karo syrup, etc. By weighing these liquids, you will find that density and weight are closely 
related.  
 
Here are the average densities of the liquids used in the column as well as other common 
liquids (measured in g/cm3): 
 
Light Karo Syrup  1.33
Water/food coloring  1.00
Vegetable oil  0.91
Dawn dish soap (blue)  1.03
Rubbing alcohol  0.87
Lamp oil  0.80
Honey  1.36
 
A day or two later 
 
Leave a couple of the density columns sitting on a desk/table for a few days. Do you notice 
anything?  The layers of vegetable oil and rubbing alcohol have switched places. The rubbing 
alcohol is now below the vegetable oil, indicating that the density has changed. (We are not 
exactly sure why the change occurred). Have the students try to explain the change. 
 
Also, you may try slowly heating the beaker on a hot plate to see if any changes occur: use 
extreme caution when doing this! And do not heat any flammable liquids! 
 
NASA Stardust Mission: http://www.nasa.gov/mission pages/stardust/mission/index.html. The 
story contained in this lab has been customized to relate to the module topic. 
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Here is an optional method for determining the density of an unknown liquid. 
Use Archimedes’ Principle to find the density of an unknown liquid 
 
A small solid has a density ρg of XXXX kg/m3 
It is suspended from a weighing balance by a very fine wire. 
In air, the weight (Wa) if the solid is xxN. 
When the solid is completely submerged in the liquid, its apparent weight (Wl) is xxN. 
Find the density (ρl) of the liquid (neglect the buoyant force of air). 
 
The apparent loss of weight of the solid is due to the buoyant force of the liquid:  
 
Wa – Wl = ρlV 
 
Where Wa is the weight in air, Wl is the weight in liquid, ρl is the density of the liquid, and V is 
the volume of the liquid displaced (the volume of the submerged Solid).  
 
The weight of the solid in air is Wa = ρgV or V = Wa/ρg 
 
Substituting this result in the previous expression, we have 
 
Wa – Wl = ρl (Wa/ρg) 
 
 
Solving for ρl gives 
 
ρl = (Wa – Wl / Wa) ρg example: ρl  = (0.15N – 0.08N / 0.15N) (2.5 x 10-3 kg/m3) 
 
      ρl = 1.17 x 10-3 kg/m3 
 
Answer is in kg/m3 (convert to g/cm3)  
 
(You may use Newtons or Grams 1 gram = 0.0098 Newtons) 
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Student Worksheet 
Answer the following questions. Remember to include units and significant figures in your 
answer. Don’t forget to convert the units if necessary. Show all of your work! (use another sheet 
of paper if necessary) 
Calculate the density of each of the following: 
 
a. 144 mL of a liquid with a mass of 266 g. 
 
144  mL = 144 cm3 D = m/V D = 266 g / 144 cm3  D  = 1.847 g/cm3 
 
b. 175 mL of a liquid with a mass of 325 g 
 
175 mL = 175 cm3 D = m/V D = 325 g / 175 cm3 D = 1.857 g/cm3 
 
Convert the following measurements: 
 
c. 3.25 liters to gallons 
 
1 gal = 3.7854 L  3.25 L = 0.8585 gal 
      
d. 756 mL to gallons 
 
1 L = 1000 mL    1 gal = 3.7854 L 756 mL = 0.1997 gal 
 
e. 2.3 miles to centimeters 
1 mile = 5280 ft 
1 ft = 12 inches   2.3 miles = 3701549.12 cm    
2.54 cm = 1 inch 
 
f. 6023 feet to kilometers 
5280 ft = 1 mile 
1 km = 0.62137 miles   6023 ft = 1.8358 km 
 
g. a box measuring 30cm x 25cm x 30cm to cubic feet 
1ft3 = 1728 in3 
1 in3 = 16.387 cm3 30 cm x 25 cm x 30 cm = 0.795 ft3 
 
h. 3.78 milliliters to cubic centimeters 
1 mL = 1 cm3  3.78 mL = 3.78 cm3 
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Experiment # 3:  The density of rocks and minerals 
 
Instructor’s Copy 
 
Prep-time  
 
You will need at least a week (maybe two) to collect the materials used for this experiment. 
Materials can be found on campus, around the yard, at the park, at a University, or on ebay. Set-
up in the classroom should only take about 15-20 minutes (you may want to set it up the night 
before). The time for students to complete the experiments and worksheets should be 1 to 1½ 
hours (includes clean-up). 
 
Materials: 
 
• Various rocks  
• Various mineral samples     
• Paper towels (cleaning supplies) 
• Pen/paper (students) 
• 100 mL Graduated cylinders (science dept)  
• Calculator (students) 
• Scientific scale (science dept) 
• Rock hammer 
 
Procedures Instructor 
  
 At the beginning of the lab/class period, have a few rock/mineral samples set where the 
students can see them. Have the students describe the rocks/minerals. (this is good practice of 
lithologic descriptions) 
 
1. You may need the help from a University’s Geology Department to collect specific rock 
/minerals. Granite and Basalt are most useful, or have students bring in some rocks for the 
experiment (any kind will do). 
 
2. Each lab station will need; 1 100 mL graduated cylinder, Rock samples, mineral samples, 
water, scientific scale, and paper towels.  
 
3. Divide the students into lab groups (1-4) per station or as you see necessary: each student or 
group should have a pen, paper, and calculator. 
 
4. Use the rock hammer (protective eyewear) to break the rocks into pieces small enough to fit 
into the graduated cylinder [or try it the Archimedes’ way: fill a container to the rim with water. 
Weigh the rock on a scale, then submerge the large rock in the water, catch the overflow in 
another container and then measure the volume of overflow - it may be difficult to accurately 
measure the liquid volume].  
 
5. The instructor should determine the density of each rock/mineral before the student’s 
experiment (just for practice). Some densities are provided. 
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6.  Using the methods from the previous two experiments, have the students determine the 
densities of the rocks/minerals.  
 
The material contained in this story can be found directly on the NASA website. NASA Stardust 
Mission: http://www.nasa.gov/mission pages/stardust/mission/index.html 
 
Deep-space Mission Continued 
 
Comets may be more than just simple conglomerations of ice, dust and gases. Some may 
be important windows on the early solar system. Others may have contributed materials 
necessary to the development of life on our own planet. Scientists have found a wide range of 
compositions and structures for the comet Wild 2 particles that were captured and returned to 
Earth by NASA's Stardust spacecraft. Their findings indicate the formation of at least some 
comets may have included materials ejected from the inner solar system to the far and cold outer 
edge of the solar nebula. Minerals formed near the sun or other stars were in the samples 
returned to Earth by the Stardust spacecraft in January 2006. The findings suggest materials from 
the inner regions of the solar system could have traveled to the outer reaches where comets 
formed. This may alter the way scientists view the formation and composition of comets.  
Scientists have long thought of comets as cold, billowing clouds of ice, dust and gases 
formed on the edges of the solar system. But comets may not be so simple or similar. They may 
prove to be diverse bodies with complex histories. In addition to finding these varied 
compositions in the Wild 2 samples, Stardust investigators found a wide diversity of particle 
densities. The captured Wild 2 samples are predominantly fine-grained, loosely bound 
aggregates, most also containing much larger individual crystals of olivine, pyroxene and 
iron/nickel sulfides. All analyses suggest that small and large Wild 2 particles are composed of a 
similar, if not identical, suite of minerals. Scientists found a much wider diversity of particle 
densities, including dense minerals, than advocated earlier by some researchers. 
 
Problem  
  
Among the discoveries garnered by Stardust was the finding that comets are a very odd 
mix of materials that formed at the highest and lowest temperatures that existed in the early solar 
system. Comets have been cold for billions of years, but their ingredients are remarkable 
products of both fire and ice. Because the rocky materials in comet Wild 2 formed at such high 
temperatures, scientists believe that they formed in the hot inner regions of the young solar 
system and were then transported all the way to beyond the orbit of Neptune. The samples 
collected from the mission are very small. Scientists are deciding how to determine the 
composition of the particles.   
 
Hypothesis 
  
A geologist from ECU was consulted. He decided that the identity of the rock and 
mineral particles could be made by determining their density. The geologist believed that the 
samples for this study are dominantly igneous rocks selected to represent a variety of 
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compositions (felsic to ultramafic) as well as intrusive and extrusive textures. The geologist first 
determined the densities of common rocks and minerals found here on Earth. 
 
Research 
  
Density is the measure of the mass of a substance contained within a particular volume of 
a substance (Smith and Pun, 2006). Specific gravity depends on the atomic weights of atoms and 
how the atoms are arranged in a structure. Hence, the more tightly the atoms are together, the 
higher the specific gravity. Density and specific gravity are essentially measurements of the same 
property. Density also depends on how the atoms are arranged. Density measures the ratio of   
mass per unit volume of a material. Again, the more tightly together the atoms are, the higher the 
density (Smith and Pun, 2006).   
 
Procedures Student: Part 1 
  
Your job as a NASA lab technician is to determine the identity of the rocks/mineral 
contained in your sample.  
 
1. Create a data chart 
 
2. Using the techniques in experiments 1 and 2, you will determine the density of the rock and 
mineral samples. 
 
3. Separate the rock/mineral samples. Be sure to keep them separated during and after the 
experiment so you know which one is which. 
 
4. Record the mass (in grams) and volume (in cm3) of the samples on your data chart. Convert 
milliliters to cubic centimeters (use the chart at the back of the module if necessary). Repeat this 
process 3-5 times for each sample and record the results on your data chart. 
 
5.  Repeat step 4 until you have completed the procedure for all of the mineral samples. 
 
6.  Determine the average mass and volume of all the samples and record them on your data 
chart. 
 
9. Determine the density of all the rock/mineral samples. Remember the units density is most 
commonly expressed in.  
 
10. Try to identify the mineral based on its density from the chart below (you can also use 
physical properties). Compare your results to the chart below. 
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Mineral Densities g/cm3 
 
Augite   3.2 – 3.4 
Biotite   2.8 – 3.2 
Calcite   2.71 
Calcium Plagioclase 2.62 – 2.76 
Chalcopyrite  4.1 – 4.3 
Chlorite  2.6 – 3.3 
Copper   8.9 
Dolomite  2.85 
Fluorite  3.18 
Galena   7.4 – 7.6 
Garnet   3.5 – 4.3 
Graphite  2.23 
Gypsum  2.32 
Halite   2.16 
Hematite  5.26 
Hornblende  3.0 – 3.4 
Kaolinite  2.6 
Kyanite  3.55 – 3.66 
Limonite  3.6 – 4.0 
Magnetite  5.18 
Muscovite  2.76 – 2.88 
Olivine  3.27 – 4.37 
Potassium Feldspar 2.57 
Pyrite   5.02 
Quartz   2.65 
Sodium Plagioclase 2.62 – 2.76 
Spahlerite  3.9 – 4.1 
Sulfur   2.05 – 2.09 
Talc    2.7 – 2.8 
 
Data from Klein and Dutrow, 2008 
 
 
Repeat the same procedures for rock samples. 
 
Data Analysis for instructor 
 
Rock and Mineral Densities Density g/cm3
Quartz 2.65 
Feldspars 2.5-2.7 
Micas 2.8 
Calcite 2.72 
Clay Minerals 2.5-2.8 
 
Unconsolidated Sediments 1.7-2.3 
Sandstones 2.0-2.6 
Shales 2.0-2.7 
Limestones 2.5-2.8 
Dolomites 2.3-2.9 
Granitic rocks 2.5-2.8 
Basaltic rocks 2.7-3.1 
Metamorphic rocks 2.6-3.0 
 
Data from Burger et al., 2006 
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Conclusion 
  
The ECU Geologist determined that the density of the rock/mineral samples found in the 
comet were consistent with rocks/mineral found here on Earth. This information is important as 
we continue to explore the solar system and beyond. Density information will help scientists 
determine the composition of other planets, both terrestrial and gaseous.  
 
Remember, weight is the force that gravitation exerts upon a body, and mass is the 
amount of matter per unit volume. The mass of an object is not dependent on gravity and 
therefore is different from but proportional to its weight (even in deep space). 
 
*The bulk density of rocks and sediments is controlled by the densities of the minerals present, 
the amount of open pore space in the rock or sediment, and the amount of fluids in the spaces. 
This is why there are variances in their densities. (Burger et al., 2006) 
The Stardust information can be found at www.nasa.gov using keyword “stardust”. The story 
contained in this lab has been customized to relate to the module topic. 
Finding Specific Gravity (Optional) 
 
Specific gravity is a dimensionless unit that defines the ratio between the density of a 
rock and the maximum density of water at 4o Celsius. Density is an important characteristic of a 
rock, since this parameter helps to identify the rock type and its geologic structure. To calculate 
the rock density you need to divide the mass of the rock by its volume. The latter can be 
determined by placing the rock into a graduated cylinder filled with water. 
 
Things You Will Need:  
Scale (weighing balance) 
Graduated cylinder  
Calculator  
 
1.  Select a rock sample with an approximate weight of 2 to 10 g that will fit into the graduated 
cylinder.  
 
2.  Weigh the rock on the scale; for example, the rock mass is 20 g. 
 
3.  Fill the graduated cylinder approximately half full with water (~50 mL). Now, determine the 
exact water volume using the cylinder scale as in the experiment above. 
 
4.  Put the rock into the graduated cylinder making sure that your sample is completely covered 
with water. Note that the water level will rise. 
 
5.  Determine the volume of the water in the graduated cylinder again; for example, the volume 
after placing the rock is 63 mL. 
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6.  Subtract the initial volume (Step 3) from the final volume in the cylinder (Step 5) to calculate 
the volume of the rock. In our example, the rock volume is 63 - 50 or 13 mL 
 
7.  Divide the mass of the rock by its volume to calculate the density of the rock.  
In our example, the density is 20 g / 13 cm3 = 1.54 g/cm3. 
 
8.  Divide the rock density by the density of water to calculate the specific gravity. Since the 
water density is 1 g/cubic cm (at 4o Celsius) then the specific gravity in our example is 1.54 
g/cm3 divided by 1 g/cm3 or 1.54.(G = density of substance divided by density of water at 4oC) 
 
Questions: 
 
1. Describe the characteristics of the higher density rocks. What was the same? 
 
2. Describe the characteristics of the lower density rocks. What was the same? 
 
3. Do you think that understanding the density of various materials is important? Explain your 
answer. 
 
4. Use the data from your chart to create a graph. Use density as your vertical (y) axis and use 
volume or mass as your horizontal (x) axis. Plot your densities from all of the minerals on your 
graph.  
 
Using Technology: (optional) Create a spreadsheet in Excel (or similar program) using your data. 
Create a graph for each sample. 
 
5.  Compare the graphs from all three experiments. Discuss the similarities and differences. 
 
6. Why do you think the graph of the rock/mineral samples is the same or different from the 
liquid and solid graphs? Explain. 
 
7.  Complete the Density/conversion worksheets.
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Student Worksheets 
 
Answer the following questions. Remember to include units and significant figures in your answer. 
Don’t forget to convert the units if necessary. Show all of your work! (use another sheet of paper if 
necessary) 
 
Calculate the density of each of the following: 
 
a. a boulder measuring 6 feet x 4 feet x 3 feet weighing 2654 pounds. 
1 ft3 = 1728 cm3 72 ft3 = 124416 cm3 
1 lb = 453.59 g 2564 lb = 1203827.9 g       D = m/V    D =1203827.9 g / 124416 cm3 
 D = 9.676 g/cm3 
 
b. a rock weighing 865 ounces with a volume of 35 cubic feet. 
1 lb = 16 oz  1 ft3 = 1728 cm3  D = m/V 
1 lb = 453.59 g 865 oz = 54.06 lb  D = 24522.21 g / 60480 cm3 
  54.06 lb = 24522.21 g  D = 0.41 g/cm3 
Convert the following measurements: 
 
c. 325 pounds to grams 
1 lb = 453.59 g  325 lb = 147416.75 g 
 
d. 1500 kilograms to ounces 
1 kg = 2.2046 lb 1500 kg = 10886.33 oz 
1 lb = 16 oz 
Answer the following Questions 
 
e. Explain why rocks with the same volume (size) have different densities.  
 
 
 
f. Explain how you think density affects plate tectonics. 
 
 
 
g. How does density work in the Earth’s mantle? Explain. 
 
 
 
h. What can have an effect or change a material’s density? Explain your answer. 
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i. The density of pure water is 1 g/cm3. The density of seawater is about 1.03 g/cm3. We know 
that less dense materials float when their density is less than the liquid/air it is in. And, we know 
that denser materials sink when placed in liquid/air less than their own densities. A United States 
supercarrier (aircraft carrier) floats on water. It can weigh in excess of 70,000 tons and be longer 
than 600 ft. Steel is very dense as seen in experiment 1: ~8.12 g/cc. A granite rock’s density, as 
seen in experiment 3 is ~2.5-2.8 g/cm3. Yet a small granite stone (1x1x1 inches) sinks when 
dropped into water. Explain why you think the rock sinks and the supercarrier floats. 
 
 
Your Own Research: 
 
j. Given all that we have covered (densities of solids, liquids, irregularly-shaped objects), (a) how 
would you determine the density of a human? Come up with your own experiment or 
demonstration that shows different densities of liquids, solids, and/or gases. The best idea(s) will 
be demonstrated during a later class period. (b) how would you determine the density of the 
layers of the Earth or the entire Earth? Be sure to properly cite any references. 
 
 
 
 
 
 
 
 
 
 
 
 
 
IM47 
 
Interdisciplinary Connections 
 
 
(IDC)
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# 1 Round-and-Round It Goes           
 
Archimedes has a place in science history that lies in a remarkable collection of 
mathematical works. His reputation as an inventor in ancient times was also founded on a 
number of mechanical mechanisms which he is said to have invented. One such device is the 
water snail, a screw-like device to raise water (Clagett, 1970). 
 
According to Chris Rorres (2000), an ancient machine that is still in use is the 
Archimedes Screw (or, cochlias). This is a device for lifting water for irrigation and drainage 
purposes. The device was once used in Spain to remove water from mines and it is said that 
Archimedes himself used it to remove water from the holds of a ship. Its invention is credited to 
Archimedes. However, there is no substantial evidence that it did not exist before Archimedes’ 
time (Dijksterhuis, 1957; Oleson, 1984).  
 
The Archimedes screw works as a function of external parameters (outer radius, length, 
and slope) and internal parameters (inner radius, number of blades, and the pitch of the blades) 
(Rorres, 2000). The external parameters are usually decided by where the screw is going to be 
used and how much water is to be lifted. The internal parameters are chosen to enhance the 
performance of the screw. The screw collects water from a lower reservoir when it is inclined, 
and traps the water between the blades. The trapped water seems to move upward when the 
screw is rotated (Rorres, 2000). 
 
 
 
 
Archimedes’ Spriral 
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#2 You Can’t Lever Without It!   
 
A machine is defined as something which enables us to do some form of work (Krebs and 
Krebs, 2003). The lever (from the Latin word meaning to lift) is one of the most ancient, 
simplest, and most diverse machines. It can be considered one of the machines that have the most 
uses in the world today. Levers were used in prehistoric times (Asimov, 1989). It can be easy for 
someone to pry a rock out of the ground with a long stick. After enough tries, he or she may find 
it easier to place another smaller rock under the stick to give it something to push against. It 
should then be discovered that by moving the smaller rock closer to the rock being pried up, it 
gets even easier. In any case, the mathematics of lever action was not worked out until 
Archimedes did it about 260 BC (Asimov, 1989). Archimedes is said to have claimed that given 
a lever long enough and a place to stand that he could move the Earth. Archimedes discovered 
the most common and basic lifting system ever devised and applied mathematical concepts to 
levers. The story of how Archimedes began to study the principle of the lever is told by K. 
Haven (2007).  
 
“While sitting on a beach Archimedes noticed several boys playing with a 
driftwood plank. The boys balanced the plank over a rock about waist height. One boy 
sat on the end of the plank and his three friends leaped onto the other end. The single boy 
was tossed into the air. Then, the boys slid the plank off-center of the rock so that one 
side of the board extended only slightly off the rock. Three of the boys climbed onto the 
short end of the plank. The other boy jumped onto the longer end catapulting his three 
friends into the air.  
  Archimedes was determined to understand the principles that so easily allowed a 
small boy to lift several boys into the air.  Archimedes mimicked the boys’ activity by 
using a strip of wood and small wooden blocks. He made a triangular block that 
represented the boys’ rock. As he balanced different combinations of weights on each end 
of the lever, Archimedes realized that the levers were an example of one of Euclid’s 
proportions at work. The weight (or force) pushing down on each end of the lever had 
must be proportional to the lengths of the plank on each side of the balance point.” 
 
The lever intensifies physical force when three criteria are met: (1) force (effort) has to be 
applied in the form of push or pull; (2) there has to be support at a point on which the lever rests 
or moves. This point is called the fulcrum; and (3) work needs to be done, usually referred to as 
resistance (load) (Lafferty, 1991; Stein, 1999; Krebs and Krebs, 2003).  
 
There are three classes of levers. A first-class lever has resistance at one end of the lever, 
force at the other end, and the fulcrum somewhere 
between the two. Examples would be a digging stick, a 
crowbar, or a pair of pliers.  
Force 
Load     Fulcrum (pivot point) 
    Class 1 Lever 
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A second-class lever has the force and 
fulcrum at opposite ends of the lever and has the 
resistance somewhere in the middle. Examples 
would include wheelbarrow or boat oars.  
Fulcrum       Load         Force 
Class 2 Lever 
 
 
 
Finally, the third-class lever is where the resistance and fulcrum are on opposite ends of 
the lever with the force in the middle. Some examples are a shovel and a fishing pole. Although 
some form of the lever has been used for the last 6000 years, it was Archimedes that applied 
mathematical principles to the three classes and applied them to technological and military uses 
(Krebs and Krebs, 2003). 
Fulcrum  Force    Load 
Class 3 Lever  
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#3 Pulleys, Claws, and Death Rays – Oh My!          
 
 Archimedes discovered that a lever could be used to raise or shift heavy weights easily. 
King Hieron thought Archimedes was exaggerating after his famous comment, “give me a place 
to stand and I can move the earth” (Dijksterhuis, 1957). The King decided to test Archimedes’ 
claim (Clagett, 1970). The King had a large ship, one of the largest in his fleet. It was drawn out 
of the water by many slaves. The King had it loaded with supplies and a crew. It was so heavy 
that it could not be moved back to the water by an army of slaves (Lafferty, 1991). The King told 
Archimedes that if he could move the ship, he would believe his claim. Instead of using a simple 
lever, Archimedes developed a system of pulleys to attempt this “improbable” task.  
 
A pulley is a wheel with a groove and a rope, chain, or belt around it. It is used for lifting 
or moving an object. A single pulley or combination of pulleys transmits energy and motion. 
There are three types of pulleys (Krebs and Krebs, 2003): (1) A fixed pulley has the wheel at the 
top and the resistance and force at opposite ends. Resistance is the load and the force would be 
the person pulling the rope. (2) A moveable pulley has the object to be moved attached to the 
pulley and one end of the rope to a fixed support. The person pulls the other end of the rope. 
Both the pulley and the attached object move. (3) A compound pulley is a combination of a fixed 
pulley and a moveable pulley. This is often referred to as a block and tackle pulley. In this 
arrangement, one or more pulleys, of decreasing diameters, attached horizontally or vertically 
attached to a fixed support by a rope. The rope is pulled through the series of grooved rims on 
the pulleys. The largest pulley is attached to the support and the object to the smallest pulley. As 
force is applied, the pulleys move freely which multiplies the amount of force being applied.  
 
Archimedes, using a windlass [a windlass consists of a horizontal cylinder (barrel), which 
is rotated by the turn of a crank or belt. A winch is affixed to one or both ends, and a cable or 
rope is wound around the winch, pulling a weight attached to the opposite end] and a series of 
compound pulleys, was able to single handedly moved the King’s heaviest ship from land into 
the ocean (Lafferty, 1991; Krebs and Krebs, 2003). Archimedes instantly became respected and 
well known for his brilliant achievement.  
 
 
 
 
 
 
 
 
 
 
 
 
                                     
       1 Fixed Pulley               2 Moveable Pulley     3 Block and Tackle 
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For two and a half years Archimedes and the 
citizens were able to defend the city of Syracuse 
from the Roman attack using machines and 
weaponry Archimedes designed (Krebs and Krebs, 
2003). Another pulley system developed by 
Archimedes was known as the “Claws of 
Archimedes.”  The Claws of Archimedes, which 
was also known as “ship-shaking machines,” used a 
series of levers and pulleys. The system was 
constructed of heavy wooden beams (levers) and 
metal hooks (claws) attached to chains or ropes. The 
machines were built on the edge of the harbor where 
enemy ships would be most likely to land. The beams    Claws of Archimedes 
had a specialized joint, called a carchesion, which allowed 
the beams to extend over the water and move both vertically and horizontally. The pulleys 
lowered the claws into the water near the hull of the approaching ships.  
 
A team of oxen was used to move the pulley system which raised the claws into the ships. 
The ship was lifted out of the water. The tension was then released and the ships fell back into 
the water causing damage to the ships and often deaths to the crew (Krebs and Krebs, 2003). 
 
 Sometimes the Roman ships were afraid to get too close 
to the walls of Syracuse. Archimedes is said to have had a 
device for them as well, his “Death Ray.” Although it is 
doubtful that such an invention actually existed, there are many 
stories about the death ray (Clagett, 1970). Archimedes is 
thought to have placed large curved mirrors, or many small 
mirrors attached to a curved surface, on mounts atop the city’s 
walls.  The curvature of the mirrors or surfaces focused the 
sun’s rays into a single beam. The mirror was angled at the 
approaching ships and the focused beam caused the ships to     
     Archimedes’ Death Ray         ignite into flames (Lafferty, 1991). 
     
 
 
 
 
 
 
 
 
 
 
 
 
 
IM53 
 
#4 Through the Looking Glass   
 
Well before the 17th Century, early civilizations devoted considerable amounts of time to 
the construction of structures that were used to predict patterns of stars in the night sky 
(Windelspecht, 2002). Some well known structures are the Egyptian Pyramids, Stonehenge, and 
Mayan Temples. While the term telescope was not coined until the 17th century, investigations 
on the properties of light and the ability of glass to bend and magnify light beams can be dated to 
the earlier work of Alhazen in the 11th century and to the work of Roger Bacon in the 13th 
century (Windelspecht, 2002). However, it was in the 17th century when some of the most 
important investigations between the interaction of light and a medium took place.  
 
Reflection is the redirection of light when it hits a boundary between two substances and 
refraction is the portion of light that passes through a substance as the wave angle changes 
(Windelspecht, 2002; Fraknoi et al., 2006).  
          A.  Reflector                                                   B. Refractor 
 Starlight 
Eyepiece Lens 
Eyepiece 
Secondary  
Mirror 
Focus 
Primary  
Mirror 
Focal LengthFo
ca
l L
en
gt
h 
 
 
A reflecting and refracting telescope 
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The use of lenses in a microscope to Zacharias Janssen (1580-1638) and in a telescope is 
credited to Hans Lippershey (1570-1619). However, Galileo is given credit for improving and 
using the telescope for science (Asimov, 1989; Windelspecht, 2002). 
 
Galileo made no claim for the discovery of the telescope. He did, upon hearing of its 
invention, try to make his own version (Drake, 1970; Drake, 1972; Ronan, 1974). Galileo used 
the telescope to explore the sky and began his explorations by observing the moon. He 
discovered previously undetected stars which contradicted Aristotle’s views on the structure of 
the universe (Windelspecht, 2002). He began to study the planets and discovered four moons of 
Jupiter. His observations of the movement of the planets challenged the Ptolemaic system of 
movements and displayed different motions than what Tycho Brahe’s (1546-1601) models of the 
solar system showed. Galileo used the telescope to prove Nicolaus Copernicus’ heliocentric 
model of the solar system (Windelspecht, 2002; Fraknoi et al., 2006). In a short period of only a 
decade after its invention, the telescope had provided evidence that challenged the ancient 
theories of the universe that had persisted for over 2000 years (Drake, 1970; Drake, 1972; 
Ronan, 1974; Windelspecht, 2002; Fraknoi et al., 2006)  
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#5 Falling Doesn’t Hurt – It’s the Sudden Stop  
 
The Greek philosopher Aristotle (384-322 BC) taught that the speed with which a body 
falls to the ground depends on its mass. In other words, if two objects fall to the ground from the 
same height, the heavier one will fall faster (Asimov, 1989). This idea was accepted without 
question until the 17th century when Galileo challenged this view (Windelspecht, 2002; Haven, 
2007) What made him challenge this view? One question – If heavier 
objects fall faster than lighter objects, then how much faster will the 
heavier object fall?  
 
According to legend, Galileo climbed up the leaning tower of Pisa 
with two objects and dropped them from the top. One of the objects was a 
canon ball. It was much heavier than the other object, a musket ball. Both 
hit the ground at the same time. Galileo concluded that both objects 
accelerated, or increased their velocity, at the same rate as they fell 
(Drake, 1970; Drake, 1972; Ronan 1974). However, because there was no 
accurate way to measure time, he could not measure their acceleration 
directly. He did experiment by rolling a heavy ball down a                            Tower of Pisa 
slope instead of dropping it from a tower. (The slope would slow the ball          
sufficiently for him to measure acceleration using a water clock.*)  
  
 Galileo found that in two seconds the ball rolled four times as far as in one second, and in 
three seconds it rolled nine times as far as in one second. He continued his experiments a full 100 
times. He found that whatever the distance chosen the space the ball traversed was squares of the 
times it took to roll. In other words – the distance the ball rolls is proportional to the square of 
the time it rolls (Seeger, 1966). The explanation of why objects fall with uniform acceleration 
came later when Isaac Newton formulated his laws of motion and gravitation. Newton showed 
that gravitational force between two objects is inversely proportional to the square of the distance 
between them and directly proportional to the product of their masses (Doyle, 1993). Over short 
distances, such as those found when objects fall to the earth’s surface, the force is constant and 
produces a uniform acceleration, which was witnessed by Galileo.  
  
 If you repeat Galileo’s experiment bear in mind that when he carried it out he did not 
know what the laws of motion were; he had to formulate rules and then prove them. It is 
important to remember this in order to fully appreciate Galileo’s achievement.  
 
*A water clock is a large container with a thin tube attached at its base; time was measured by the mass 
of the water that escaped from the container between the time the object was dropped and the time the 
ball reached the bottom of the sloped beam.  
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#6 It Don’t Mean a Thing –  
Unless You Understand That Swing  
 
 One of Galileo’s earliest scientific discoveries was made in 1581, the year he entered the 
University of Pisa to study medicine. He was attending a service in Pisa Cathedral when his 
attention was distracted by a swinging chandelier suspended from the ceiling by a long chain 
(Seeger, 1966; Drake, 1972; Asimov, 1989). By paying closer attention, Galileo noticed 
something unusual. Although the length of the swing decreased with time, the time taken for the 
lamp to complete the back and forth motion apparently stayed the same 
(Windelspecht, 2002). Galileo’s investigation of the swinging lamp is a 
good example of the scientific method. To test his observation, Galileo used 
his own pulse rate as a timer. He counted how many beats it took the lamp 
to complete one oscillation (one complete back and forth motion), then 
repeated the procedure as the oscillations of the lamp gradually slowed and 
eventually stopped (Doyle, 1993).  
  
 Inspired by this chance discovery, Galileo used a simple pendulum*,  Chandelier 
one with a lead ball and the other with a cork ball both of the same diameter  
(Frova and Marenzana, 1998), to investigate the regularity of its swing.    
He proved the periodic time of the pendulum (the time taken for each oscillation) was constant 
and was independent of the amplitude (length) of the swing. He suggested that because of this 
property, pendulums could be used in clocks to regulate the measurement of time. Galileo did 
not draw up plans for making a pendulum clock until just before his death, some fifty years after 
his original discovery.  
 
The first successful pendulum clock was constructed by Dutch scientist Christiaan 
Huygens (1629-1695) in 1657.  
 
*A pendulum is a relatively heavy object suspended from a fixed point by a non-extendable support such 
as a rope or chain. 
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#7 Full of Hot Air 
 
The perception of hot and cold should be as old as humanity. When we touch something 
we can tell when it is hot or cold. We can tell when one object is drastically warmer than 
another. Can we determine small changes in temperatures? Most people’s senses are not as 
accurate when it comes to smaller temperature changes. For example, a humid day will feel 
warmer than a dryer day at the same temperature, and a windy day will feel cooler than a calm 
day at the same temperature. There needs to be something, some physical phenomenon that 
changes regularly in a measureable way with changes in temperature. The 
first person to attempt to find this phenomenon was Galileo (Asimov, 
1989).  
 
About 1602 Galileo used a simple device to make some 
observations (Seeger, 1966; McMullin, 1967). He warmed an empty bulb 
(either by holding it or by heating it) with a long tube extending from it 
then placed the open end of the long tube into a container of cooler water. 
When the air in the bulb cooled, it contracted, and the water was drawn 
 into the tube. Every time the temperature changed (warmed or cooled) the 
       Thermometer       water level rose or lowered accordingly. From the position of the water  
      level in the glass tube, one could estimate the temperature of the 
surrounding air. This was the first thermometer, which Galileo called a 
thermoscope. It did not have a scale (McMullin, 1967). 
  
 One thing Galileo failed to account for with his thermoscope was that air pressure 
influences the water level in the container. Air pressure was later studied by Evangelista 
Torricelli (1608-1647), an associate of Galileo. The first closed thermometer, where barometric 
pressure did not affect the level of liquid in the tube is credited to Leopold (1617-1675) and 
Ferdinand II (1610-1670) de’ Medici (Seeger, 1966; Windelspecht, 2002). The majority of 
improvements that followed in the decades after its invention worked on improving the accuracy 
of the temperature scale. The first known thermometer that used a fixed reference point was 
invented by the English Scientist Robert Hooke (1635-1703) (Windelspecht, 2002). There are 
three main scales used in the Fahrenheit scale, the Celsius scale, and the Kelvin scale.  
  
 The Galilean thermometer, which he did not invent, is based on Galileo’s 
thermoscope from the early 1600s. It is a simple and reasonably accurate thermometer. 
Today it is mostly used as a decoration or conversation piece. The Galilean thermometer 
consists of a sealed glass tube. The tube is filled with liquid and several different sized 
and shaped hand-blown glass “bubbles” that float in the liquid. The bubbles contain 
various colored liquid mixtures. Attached to each bubble is a small metal tag that 
designates a temperature by a number and degree symbol. The metal tags are calibrated 
counterweights.  The bubbles are calibrated by adding a certain amount of fluid to them 
so that they all have the exact same density. So, after the weighted tags are attached, 
each bubble will differ very slightly in density (the ratio of mass to volume) from the other 
bubbles. The density of all of the bubbles is very close to the density of the surrounding liquid. 
As the temperature of the liquid increases or decreases with the surrounding air temperature, its 
density changes causing the bubbles to rise or sink (From howstuffworks.com 2001).                                  
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#8 Kepler’s Laws of Planetary Motion     
 
 Polish astronomer Nicolaus Copernicus (1473-1543) was the first person to suggest a 
heliocentric model of our solar system. Copernicus created a model of the solar system in which 
the planets circled the sun, not the Earth. While this model did present simple and logical 
explanations for previous centuries of astronomical observations, it was rejected by the church 
because of the established religious beliefs of an Earth-centered (geocentric) universe. Johannes 
Kepler (1571-1630) was a German mathematician and astronomer (Gingrich, 1973) and is 
credited with the discovery of the basic laws that explain planetary motion. These Laws gave 
Copernicus’ ideas a firm mathematical basis.  
 
Kepler was an assistant to Tycho Brahe, an associate of Galileo. Kepler’s job under the 
supervision of Brahe was to find an acceptable theory for planetary motion (Fraknoi et al., 2006). 
However, Tycho was unwilling to give Kepler all of his data at one time because he thought that 
Kepler may unlock the secrets of universal motion and take all of the glory for himself (Fraknoi 
et al., 2006). It was only after Tycho’s death in 1601 that Kepler was able to gain access to all of 
Tycho’s notes and data. The study of these notes occupied Kepler’s time for more than 20 years. 
Kepler tried many ideas and mathematical approaches that did not work (Gingrich, 1973). His 
bad eyesight prevented him from making his own astronomical observations. This forced him to 
rely completely on Tycho’s existing measurements. Eventually, he had to consider what was 
unthinkable at the time – the paths of the planets were not perfect circles and they did not orbit 
the sun at a constant speed (Asimov, 1989).  
 
Kepler found two laws of planetary motion that would describe the shape of the planet’s 
orbits. These laws also allow for the calculation of the speed of its motion at any point in the 
orbit. Kepler discovered these fundamental rules of motion, but they did not satisfy his quest to 
understand the motions. He wanted to understand why the planets were spaced as they are and to 
find a mathematical pattern in their orbital periods, which he called “a harmony of spheres” 
(Fraknoi et al., 2006). 
 
In 1619 Johannes Kepler succeeded in finding a basic relationship that links the semi-
major axes of the planet’s orbits and their periods of revolutions. This relationship is now known 
as Kepler’s third Law. It applies to all of the planets, including Earth, and it provides a means for 
calculating their relative distances from the sun. Kepler’s three laws of planetary motion 
(Fraknoi et al., 2006) are as follows: 
 
 
Kepler’s First Law – The planets orbit the sun in ellipses, with the sun at one focus. 
 
Kepler’s Second Law – The line joining the sun and a planet covers the same area in equal time. 
 
Kepler’s Third Law – The Square of a planet’s orbital period is proportional to the cube of the 
semimajor axis of its orbit. 
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These laws provide a precise geometric description of planetary motion within the 
framework of the Copernican system. With these tools it was possible to calculate planetary 
positions with precision. These laws do not help us understand what forces of nature constrain 
the planets to follow a particular set of rules. It was another scientific genius that found a 
conceptual framework that completely explained the observations and rules assembled by 
Galileo, Brahe, Kepler, and others. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
    (A)                (B)                    (C) 
 
 Direction of planetary motion Sun   Planet - (A) The first law sets the shape of the orbit, while the 
the second law (B) describes the speed at which the planet move along the orbit. In 1618 Kepler added the 
third law (C), relating the period (time to complete one orbit) and the semi-major axis of the orbit (half the 
length of the major axis) as shown in C where P2 years = AU3 astronomical units.  
a (semi-major 
axis) 
P (time to complete orbit) 
     6 
Months 
6 Months 
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#9 Isaac Newton: Scientific Genius  
 
 Kepler realized that although he could show the orbits of the planets were elliptical he 
could not identify the force that kept the planets in those orbits. Early scientific thinking thought 
that planetary orbits were due to the force of magnetism. It was later in the century when an 
English mathematician named Isaac Newton (1643-1727) conceived a theory on organization 
throughout the universe. Newton gathered the ideas of Copernicus, Kepler, Galileo, and others 
and compounded them into a single, unifying force 
– gravitation (Asimov, 1989).  
  
 With the encouragement from his friend, 
Edmund Halley, Isaac Newton collected and 
published the results of his investigations on motion 
and gravity in his book Philosphiae of Naturalis 
Principia Mathematica [Mathematical                
Principles of Natural Philosophy] (Asimov, 1989).  
 
The Principia, as it is called for short, 
proposes three laws that govern the motion of all         Isaac Newton 
objects. Newton’s laws of motion are the basis of mechanics.  
They involve three important concepts: force, momentum, and mass.  
  
 Newton’s first law of motion states that a body in motion will remain in motion, or 
remain stopped if stopped, unless acted on by an outside force. Newton’s second law of motion 
states that the rate at which an object’s momentum changes is equal to the net force acting on the 
object (mathematically). Newton’s third law of motion states that for every action there is 
always an equal and opposite reaction (Asimov, 1989).  
 
Newton’s laws of motion show that left alone, objects at rest stay at rest, and those in 
motion continue to move uniformly in a straight line – which defines the most normal state of 
motion. However, the planets move in ellipses – not in straight lines. Newton suggested that 
something must be bending their paths. Newton mathematically confirmed Kepler’s analysis on 
the motion of the planets. However, instead of magnetism, Newton established that gravitation 
(Asimov, 1989) was responsible for the trajectories of planets. Isaac Newton provided the proof 
that eluded Kepler to support his laws of planetary motion.  
 
Gravity was officially named, but not technically discovered in the 17th century. The 
effects of gravity on a falling object have been recognized since the beginning of recorded time 
(Windelspecht, 2002).  However, the nature of gravity had been poorly understood. The Greek 
philosopher Aristotle attempted to explain gravitational pull as a component of his four element 
(earth, air, fire and water) theory. He believed that a rock tossed in the air was simply trying to 
return to its natural place when it came back to the ground – the center of the Earth 
(Windelspecht, 2002). In the 16th century, the lack of understanding of gravity hindered the 
acceptance of the Copernican model of the universe. Galileo did recognize that gravity was a 
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force behind his work with falling bodies, but could not directly explain it. And again, Kepler 
believed that magnetism was the governing force behind planetary motion (Windelspecht, 2002).  
 
Isaac Newton hypothesized that there is a common attraction among all objects at any 
point in space (Asimov, 1989). The specific mathematical description of gravitational force 
determines how the planets move, exactly how Kepler observed them (Kepler’s laws), and the 
law of gravity predicts an accurate description of falling bodies on earth as Galileo studied 
gravitation (Asimov, 1989). Eventually, Newton was able to deduce that the force of gravity 
drops off as distance increases between any two objects – the inverse square law.  
 
Newton also determined that the gravitational pull between two bodies must be relative to 
their masses – or the more mass an object has the more intense its pull of gravity. This attraction 
that Newton hypothesized between two objects is shown in one of the most famous formulas in 
all of science: Force = GM1M2/R2, where M1 and M2 is the mass of the two objects, R is the 
distance of separation between their centers squared, and G is the gravitational constant.* 
Newton was able to show mathematically that the only logic explanation for the planets orbits 
acceptable were exactly as Kepler described in his laws.  
 
It should be noted that Newton was not the only contributor to the concept of gravitation. 
English scientists Robert Hooke (1635-1703) and Christopher Wren (1632-1723) had separately 
worked on the inverse square law. Hooke even suggested that gravity was responsible for the 
moon’s orbital motion (Windelspecht, 2002). In the end it was Isaac Newton that provided the 
mathematical proof for gravitation and established it as a universal property through mathematics 
and experimentation.   
 
* The gravitational constant was determined in 1797 by the English physicist Henry Cavendish (1731-
1810).  
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#10 Up, Up and Away               
 
 It has been observed that wood will float on water but not in air. If objects are light 
enough they are able to float in air. There are some gases lighter than air, but there are no solids 
or liquids lighter than air. Galileo’s work with the thermoscope showed that changes in 
temperature changes the density of air. Two brothers, Joseph Michel (1740-1810) and Jacques-
Étienne Montgolfier (1745-1799) proposed that when an amount or volume of air was heated it 
expanded and was therefore lighter than cold air of an equal volume (Asimov, 1989). This led 
them to conclude that if a measured amount of hot air was put into a lightweight balloon, the less 
dense hot air would float in the colder air around it. This idea suggests that enough upward force 
would carry the balloon with it. It was also plausible that, if the volume of the balloon was great 
enough, there might be sufficient buoyancy to lift a human into the air (Asimov, 1989). 
 
 After some calculations and much preparation the brothers decided 
to test their hypothesis. At a marketplace in their hometown on June 5, 
1783, the Montgolfier brothers filled a large bag with hot air. It measured 
35ft in diameter and was made of lightweight linen. During a ten minute 
flight the bag floated upward some 1500ft and a floated distance of a mile 
and a half (Asimov, 1989). In Paris on September 19 before a crowd of 
around 300,000 people, which included an observer by the name of 
Benjamin Franklin, the brothers launched a balloon carrying a wicker 
basket with a rooster, a duck, and a sheep (no animals were harmed durin
this experiment) and managed a flight of six miles. Later that same year, on
g 
     
    Hot Air Balloon      November 20, a hot air balloon carried the first aeronauts in history, a 
            French physicist Jean Francois Pilatre de Rozier (1756-1783) and a travel 
          companion (Asimov, 1989). 
 
Having heard of hot air balloons, Jacques-Alexander-Cesar Charles (1746-1823), a 
French physicist, discovered that hot air had comparative little buoyancy and lost little as it 
cooled (Asimov, 1989) and thought a fire or heat source underneath the balloon might be 
sufficient enough to keep the air heated for a longer duration. Henry Cavendish (1731-1810) 
studied the gas hydrogen, which is much lighter than hot air and has much greater buoyancy, 
discovered the buoyancy was permanent (Asimov, 1989). During the time while the Montgolfier 
brothers were experimenting with their balloons, Charles constructed the first hydrogen balloon 
on August 27, 1783 and used one to rise nearly two miles into the air (Asimov, 1989). 
 
In the decades following the first balloon experiments, ballooning almost became a craze. 
Ballooning was also used for scientific purposes.  
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WHAT IS SCIENCE? 
 
 In Latin "scientia," means knowledge, but over the years and through various translations 
the meaning of the word science evolved. How is science defined? In most dictionaries science is 
defined as knowledge attained through study of the physical, or natural, world. The study of 
science can utilize observations, experiments, or both to classify, justify and calculate the 
occurrence of natural phenomena. Science is simply a system for gaining knowledge. Science is 
the result of countless observations, of logical thinking, and of brilliant approaches to a problem. 
Often, a scientist’s ideas or discoveries will be opposed or rejected. The advancement of 
scientific knowledge is sometimes based on the public’s acceptance of new ideas or on 
modifications to established beliefs (NCSCOS, 2004). Copernicus’s idea of a heliocentric solar 
system rather than the Catholic Church’s established belief of a geocentric solar system, for 
example, was a modification to an established belief.  
 
Science has grown out of group efforts as well as individual’s discoveries. Scientific 
knowledge has been collected from around the world over thousands of years. It is a huge gift 
from the thinkers and experimenters of the past. Reasoning, insight, and creativity are key 
elements that humans must possess to advance science and technology (NCSCOS, 2004). We 
must also be able to accept skepticism and be open-minded towards new or different ideas. 
Where would science be today if humans did not seek answers to the questions the natural world 
is constantly providing? Wanting to understand the answers to these questions is what drives 
science as a human endeavor (NCSCOS, 2004). Common definitions refer to science as a 
collection of facts, concepts and ideas about nature, and often the systematic investigation of 
nature. Both definitions are somewhat accurate. However, there is much more to “science” than 
merely collecting facts and conducting investigations. Simply put, science is a method for 
discovering consistent truths about nature (Schafersman, 1994). If you refer to most high school 
science textbooks, whether chemistry, physics, earth science or biology, you will find this 
definition or some variation of it. There many processes that have lead to our knowledge about 
nature, but science remains the only method that produces reliable knowledge (Schafersman, 
1994).  
 
Today, there are many universal laws that still apply and are used by scientists 
(NCSCOS, 2004). All scientists do not follow the same set procedures in their research. 
However, scientists’ investigations will often involve natural curiosity to develop a hypothesis, 
collecting relevant data, and critical thinking to try to explain results of his or her data. Student 
participation in scientific exploration supplies a foundation for comprehending the nature of 
scientific inquiry (NCSCOS, 2004). The essential skills for the development of proper scientific 
investigation and processes are attained through active participation. These skills encourage 
development of reasoning and critical thinking, which are the core of scientific methodologies 
(NCSCOS, 2004). 
 
A large amount of the technological and scientific knowledge we are familiar with today 
was built upon from the efforts of scientists and inventors (NCSCOS, 2004). Science history 
does include descriptions of unexpected discoveries but, most scientific developments and 
advancements in technology happen in response to a specific problem or needs of society.  
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The North Carolina Standard Course of Study (2004) refers to several examples from the 
major science disciplines of how an observation or question led to the gradual building of 
scientific knowledge or magnificent advances in science through the work and effort of 
individuals that contributed to the world students live in today.  
 
In the Geosciences questions such as “How big is the Earth?” and “How was the Earth 
formed?” encouraged early scientists to seek answers. Simple observations such as Eratosthenes 
noticing different shadow angles led to the investigation into determining the size of the earth. 
Alfred Wegener's observation of the apparent “fit” of the continents on a paper map led to the 
Theory of Continental Drift. And James Hutton's straightforward idea that Earth's geologic 
history must be explained by the processes we see happening today became one of the cores of 
modern geological science.  
 
In Biology questions such as “Why are there differences or similarities between species?” 
and “How do humans develop?” provoked scientists to look for the answers. Scientists from 
Darwin to Mendel, to the work of Watson and Crick, to modern breakthroughs in gene 
manipulation illustrate the very nature of science. When students conduct research on the 
original scientists, they often discover the trials and tribulations scientists sometimes encounter 
during their research, such as the interpersonal struggles involved in the discovery of DNA or the 
discreet work of Mendel until after his death. Students should understand that knowledge gained 
by one group of scientists may be increased, modified, or sometimes rejected by the next 
generation. 
 
In Chemistry questions such as “What is matter made of?” and “What is an atom made 
of?” intrigued scientists. From Democritus’ (who produced no experimental evidence) idea that 
substances are composed of atoms to Dalton's inferences and observations of gases, support the 
inquisitive nature of science. Experimental models allow scientists to explore directly 
unobservable phenomena by starting with assumptions that are suggested by the model as seen in 
the work of Dalton and Bohr. 
 
In Physics/Physical Science questions such as “Will heavier objects fall faster than lighter 
objects?” and “How do planets move through space?” challenged early scientists. Kepler's work 
on the paths planets and locations of stars laid the foundations for his laws of planetary motion. 
Galileo challenged Aristotle's explanation of the behavior of falling bodies which stood for 
almost 2000 years. Galileo’s work led to Newton's work on motion as described in The Principia.  
NASA uses Newton's Law of Universal Gravitation and his laws of motion to predict the landing 
sites for space flights.  
 
 
 
 
For this Reasoning about Nature module we will explore an 
important scientific discovery - Density. 
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DENSITY 
 
Pre-Scientific Background 
 
The Great Library at Alexandria 
 
The city of Alexandria was founded in Egypt in 331 BC by Alexander III of 
Macedon (356–323 BC), more commonly known as Alexander the Great. During ancient 
times, Alexandria became one of the most famous cities in the world (Erskine, 1995). 
After Alexander died in 323 BC, his empire was divided between the generals of his 
army (Steen, 1993; Empereur, 2002). Ptolemy I Soter (323 BC – 283 BC), a Macedonian 
Greek general, took the territory known as Egypt. Competition for supremacy between 
rulers in each new empire grew (Steen, 1993; Empereur, 2002). What would make one 
empire more superior than the others?  
 
Ptolemy I sought to understand the civilizations in his empire and neighboring 
territories with the notion that this understanding would allow him to rule effectively, and 
more importantly – become more profitable (Steen, 1993; Empereur, 2002). Ptolemy I 
envisioned a place where all of the world’s knowledge would be gathered and kept –   
The Library of Alexandria. Manuscripts, at that time rolls of papyrus (or scrolls), from all 
languages, including Greek, Hebrew, Aramaic, Nabatean, Arabic, Indian, and Egyptian, 
were sought to be included in the library’s great collection (Parsons, 1952; Steen, 1993; 
Empereur, 2002). It is believed that the works of Aristotle influenced the development of 
the library (MacLeod, 2000). The Library probably opened during the reign of Ptolemy II 
Philadelphus (283-246 BCE), Ptolemy I’s son (Steen, 1993; Empereur, 2002). 
 
Ptolemy II wanted to increase the knowledge kept in the Library and made it 
mandatory that travelers visiting Egypt hand over any manuscript or work that was not 
already in the Library’s collection. It was intended that the any manuscript deposited in 
the library would be professionally copied by library scribes, and eventually given back 
to the owner (Steen, 1993; Empereur, 2002). However, it was not uncommon during that 
time that the original manuscript be kept at the library and the copy given to the original 
owner without the owner’s consent.  
 
Only scholars that were invited by the Ptolemies had access to The Great Library 
of Alexandria. The scholars that were invited to the Library dedicated themselves to 
verifying the authenticity of texts from Greek authors. Some of the scholars studied 
religion, but some conducted investigations into mathematics and astronomy (Parsons, 
1952; Steen, 1993; Empereur, 2002) at the research institute next to the Library.  This 
institute was called the Mouseion (or temple of Muses) and later became known as “the 
museum.”  
 
Zenodotus of Ephesus (330 BC–c. 270 BC) was the first person appointed to keep 
the library organized.  Zenodotus adapted Aristotle’s (384 BC-322 BC) system of 
classification and organized the library’s vast collection of scrolls according to the 
nature/topic of the work –– prose or poetry and literary or scientific (Casson, 2001) – 
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with each grouping had a specific place in a specific room in the library. The manuscripts 
or scrolls each had a tab with the author’s name. In addition to the topic classification, 
Zenodotus also utilized a method of alphabetical order, which he had implemented in a 
glossary of rare words he collected, to organize the works contained within the library 
(Casson, 2001). 
 
The Great Library of Alexandria drew scholars from all over the ancient world 
(figure 1) and was the birth place of great achievements in science, mathematics, and 
medicine (Fraser, 1972) and although the Egyptians knew a little mathematics and 
astronomy – for example, they used the movement of the stars to determine when it was 
time to plant crops, and began the foundations for medical observation – the Greeks were 
the first people to think logically about the natural world (Lafferty, 1991) by trying to 
explain the natural events they saw around them. This way of thinking led to the 
beginning of the science that we know today.  
?
 
 
Figure 1 - Map of the Mediterranean Region showing the locations of countries and cities relative to     
Alexandria, Egypt. 
 
Archimedes of Syracuse 
 
Archimedes (~287 BC – 212 BC), a Greek mathematician and inventor, is one of 
the many scholars that studied at Alexandria and is considered by many to be one of the 
greatest scientists of the ancient world. With the exception of the few years he studied in 
Alexandria, Egypt, most of Archimedes’ life was spent in Syracuse, a Greek colony on 
the island of Sicily where he was born (Lafferty, 1991).  
 
There is little on record of Archimedes’ early life or family. If you were to assume 
his life was similar to other wealthy families of that time period, Archimedes would have 
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begun school when he was eight years old (Lafferty, 1991). After learning as much as he 
could from his teachers in Syracuse, Archimedes went to Egypt and continued his studies 
at the Academy. 
 
Archimedes was the premier mathematician, scientist, and inventor of his time. 
He developed the fundamentals for integral calculus (Richard, 2003) and proved 
mathematically that the volume of a sphere is two-thirds that of the cylinder that 
surrounds it. Another of Archimedes’ mathematical discoveries was calculating the ratio 
of the circumference of a circle to its diameter – the ratio we know as pi (π). He was 
probably not literally thinking of a number for pi, but rather setting a proportion of 
circumference to diameter (Stein, 1999). It was only later, in the 17th century, that this 
proportion was regarded as a number. William Jones establish the symbol “π” for this 
number in 1706 (Stein, 1999) and the symbol came into common usage by the end of the 
18th century.  
 
Archimedes also explored the principles behind leverage. This exploration lead to 
his theory of the center of gravity (Stein, 1999; Richard, 2003). He was the first to 
conduct and write about detailed studies on electrical discharges (lightening) in the 
atmosphere and he designed the world’s first planetarium. Archimedes also invented the 
hydraulic screw for raising water, the windlass, and the compound pulley (Richard, 2003) 
along with some weapons that were used to defend the city of Syracuse against the 
Roman attack in 214 BC (Dijksterhuis, 1957).  
 
The Roman Attack on Syracuse 
 
Sometime during the year 214 BC the Romans attacked Syracuse and encountered 
an unexpected and well-prepared defense waiting for them. The people of Syracuse used 
an arsenal of weapons that were invented and designed by Archimedes to defend 
themselves from the Roman soldiers. The people used both large and small catapults to 
launch stones that weighed as much as 830 pounds at the Roman battering rams. They 
used grappling poles connected to levers and pulleys (Archimedes’ “claws”) to hook 
some of the Roman ships and turn them upside down. And great wooden beams were 
extended over the city’s walls to drop boulders and lead clumps on the Roman boats 
while smaller close-range catapults launched iron darts at the sailors.  
 
The “claws” were also used by dropping them into groups of foot soldiers, lifting 
the soldiers high into the air and then dropping them to the ground. Roman soldiers 
became fearful at the sight of beams or ropes hanging over the walls of the city. Another 
story alleges that Archimedes shaped a giant piece of polished glass, or many smaller 
pieces on a curved surface, into a “death ray.” It was supposed to focus sunlight into a 
single beam and concentrate it onto the Roman’s wooden ships causing them to catch 
fire. Could this have been the world’s first laser; it was actually a very large (and quite 
effective) magnifying glass. 
 
Despite all of these defenses, the Romans did ultimately conquer the city. One 
(unverified) legend claims that Archimedes was working on a mathematical problem in 
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the sand when a Roman soldier approached him. “Do not disturb my circles,” 
Archimedes told the soldier. When Archimedes refused or ignored the soldier’s orders, 
the soldier drew his sword and killed him. (Story segments taken from Dijksterhuis, 
1957; Lafferty, 1991; Richard, 2003.) 
 
A more well-known story  
 
Hieron II ruled Syracuse (modern Sicily) in the 3rd  century BC. He had come to 
power by a military takeover and he controlled the land for many years as a dictator 
before he was declared king. During his reign as king, Hieron had the royal goldsmith 
make a crown that would be offered to the gods. The king gave the royal goldsmith a 
lump of gold and instructions to use all of the gold in a new unique crown. The goldsmith 
took the crown back to his shop and used the gold as ordered by the king. After an 
elaborate ceremony dedicating the crown to the gods, an informant told the king that he 
thought the goldsmith had replaced some of the gold that was to be used in the crown 
with silver, and had kept the gold for himself. Not only was this an act of impiety, it was 
a major insult to the king and his authority. 
 
When confronted, the goldsmith assured the king that he had used all of the gold 
that was given to him in the crown. King Hieron had his doubts and wondered if the 
goldsmith had kept some of the gold for himself. Could another metal, maybe an alloy of 
some sort, have been substituted for the gold? The king was furious and wanted to know 
for sure if this was true. There was a problem. Once the crown had been dedicated it 
could not be defaced. How would the king discover if the goldsmith had stolen some of 
the gold without harming the crown?  
 
Archimedes was called upon by King Hieron to determine the gold content of the 
crown. This would prove to be an important and difficult assignment. Archimedes knew 
that silver was lighter (in weight) than gold, but he did not know any way of determining 
the relative density (mass/volume) of an irregularly-shaped object. The weight of the 
crown could be determined using a balance or scale, but the only way Archimedes knew 
to determine volume was to hammer the crown into a more easily measurable shape, a 
solid cube. King Hieron had specified that the crown could not be damaged and 
Archimedes did not want to aggravate the king’s already angry demeanor by pounding 
the crown into a cube. So, he took the crown home and sat looking at it wondering what 
he could do. He weighed the crown, then he weighed a piece of pure gold like the one the 
goldsmith had be given. The crown weighed exactly the same as the gold.  
   
 
After many days of thinking with no solution in sight, the answer came to 
Archimedes one evening during his bath. His servants had filled his tub with water all the 
way to the rim. As Archimedes stepped into the tub and lowered himself into the water, 
the water overflowed onto the floor. He sat there for a moment watching the water spill 
onto the floor. Suddenly, he gave a shout and jumped from the bath. He ran down the 
street shouting, “Eureka!” In Greek, this means “I have found it.” Yes, it is rumored that 
he did forget his bath towel. 
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Archimedes immediately went to King Hieron and, in front of the king, asked for 
a large container filled with water to the rim. When the king’s servants brought the 
container, Archimedes sat it in a bowl on a table and lowered the crown into the water-
filled container. The bowl caught the water that was spilled when the crown was placed 
into the container. Archimedes measured the volume of the water that overflowed into the 
bowl. He then refilled the container to the rim and lowered the same amount of gold that 
the king had given the goldsmith into the water. Again, he measured the volume of the 
overflowed water. The gold had spilled less water than the crown.  
 
Archimedes had weighed both the crown and the gold, discovering that they both 
weighed the same. If they were both pure gold, they would have spilled the same amount 
of water. Archimedes explained that an amount of silver weighs less than the same 
amount of gold. So, to make up the weight in the crown, more silver was needed, which 
would increase the crown’s volume. It was concluded that the volume of the crown was 
slightly more than the volume of gold. Archimedes proved that the goldsmith had stolen 
some of the gold from the king. (Story segments taken from Dijksterhuis, 1957; Lafferty, 
1991; Stein, 1999; Jaeger, 2008.)    
 
Although the Eureka story has been told in many ways, the underlying conclusion 
is the same: Archimedes had shown that when an object is submerged in water it 
displaces an amount of water equal to the object’s own volume (Hudson and Nelson, 
1990; Richard, 2003). He also noted that his arms and legs felt lighter in while in the tub, 
as if something were pushing upward. This observation led to what is now called 
Archimedes’ Principle.  
?
 
According to Archimedes’ principle when an object is partially or totally 
submerged in a fluid, the object appears to lose a potion of its weight (it seems lighter). 
Stated another way, the object is buoyed up by a force (buoyant force) and the apparent 
loss of weight is equal to the weight of the amount fluid displaced. Archimedes’ 
discovery provided the foundation for the Laws of Hydrostatics. Hydrostatics is an area 
in physics that studies the characteristics of fluids at rest, chiefly with the pressure in a 
fluid or exerted by the fluid (gas or liquid) on the body that is completely or partially 
submerged. 
 
Go to Experiment #1: density/volume of irregularly-shaped objects   
 
A Scientific Revolution 
 
A cultural movement known as The Renaissance (Latin for rebirth) started in the 
1300s. A resurgence of European interests in arts, science, and global exploration was 
taking place. For the next 300 years (the 14th through 16th centuries) people began to look 
at their world in a brand new way (Doak, 2005). Although new ideas were emerging by 
the time the Renaissance came to a close (~1600) it was still unacceptable to disagree with 
the teachings and beliefs of the Catholic Church. In the late 1500s, any books or 
documents that were found to be in opposition to the Roman Catholic Doctrine (Doak, 
2005) were censored or banned. 
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For western scientists, the 17th century was a time of brilliant thought and in the 
early years of the century a new scientific enthusiasm was born. Despite the Catholic 
Church’s opposition, it was an exciting period in the history of science. The philosophy 
of the European Scholars experienced significant changes (Klopfer, 1966). Scientists 
from all over the world made significant contributions to the advancement of science and 
math during this time. However, scientific activity took center stage primarily in Italy and 
the northern European countries (Windelspecht, 2002). While the science of the ancient 
Greeks was based almost exclusively on observation of the natural world (Windelspecht, 
2002), the science of the 17th century was based on experimentation and mathematical 
proofs.  These proofs and experiments were used to substantiate the scientists’ emerging 
thoughts on the natural world. As scientific knowledge advanced, so did the need for 
more specialized scientific instruments (telescope, microscope, pendulum clock, 
barometer etc.) (Windelspecht, 2002). The relationship between the advancement in 
scientific knowledge and the advancement of technology is a phenomenon that continues 
to this day. 
 
As new observations and experiments were made 17th century scientists and 
philosophers began to doubt explanations contained in ancient books. Scientists with new 
ideas were challenging the conventional explanations of nature. Established and well 
accepted beliefs did not yield easily to the new ideas of the 17th century. This new 
“experimental philosophy” was being developed by such men as the Italian astronomer 
and physicist Galileo Galilei. His personal experiences and conflict with religious 
authority highlight the magnitude of changing attitudes toward natural phenomena (Drake, 
1972). 
 
Contributions of Galileo 
 
Galileo was born to Giulia Ammannati and Vincenzio Galilei in 1564. He studied 
all of the things a well-educated person should know in the 16th century, such as Greek, 
Latin, logic, and religion (Doak, 2005). In 1581, he entered the University of Pisa to 
study medicine, but later decided that this was not what he wanted. He found that he 
preferred to study mathematics and philosophy (Doak, 2005). In Galileo’s time, scholars 
believed that the best way to understand the world was to study the works of the ancient 
Greeks namely, Aristotle and Plato. 
 
From 1585 to 1589, Galileo gave private lessons in mathematics in Florence and 
private and public instruction in Siena. In 1586, while continuing his personal studies, he 
wrote a paper that examined the reasoning behind Archimedes’ detection of the 
goldsmith’s deception of King Hieron and the gold crown. In this work Galileo described 
an improved hydrostatic balance (Drake, 1972). During this time his curiosity about 
problems of centers of gravity in solid bodies increased. He was eventually hired as the 
chair of the Department of Mathematics at the University of Pisa (Drake, 1972). In 1597, 
Galileo began the production of a mathematical instrument, the sector or proportional 
compass (Drake, 1972). He transformed the device from a simple instrument to an 
elaborate calculating instrument by adding several supplementary scales. He wrote 
instructions for its use for engineers and military men (Drake, 1972). The compasses 
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were used to help armies fire their canons more accurately. Galileo’s work on ballistics 
showed the path of a cannonball fired from a canon (Doak, 2005). 
 
Galileo read and studied the ancient works and explanations, but was not  
content to accept everything he was taught. Although the Greek thinkers worked with 
basic ideas and observations, Galileo argued that they did not use mathematics or 
evidence to support their conclusions (Doak, 2005). He believed that explanations should 
be tested by careful experimentation – a belief that helped develop the scientific method. . 
The scientific method, a process of testing or conducting experiments to prove or 
disprove a theory, is the backbone of modern science (Doak, 2005). Galileo conducted 
experiments on falling bodies, weights and inclined planes, and worked with the law of 
speeds and descent (Drake, 1972). He introduced the idea of static forces. This concept 
would be further advanced by Newton and related to his Third Law of Motion (Drake, 
1972).  
 
Galileo was also able to relate vertical fall to descent along circular arcs and 
tangential inclined planes. He wrote on the motions of pendulums and developed an 
interest in the acceleration of objects (Crew, 1913). His work in physics led to a new 
explanation of motion, replacing theories that had been acknowledged for almost two-
thousand years (Klopfer, 1966). 
 
Often, Galileo is wrongfully credited with the discovery of the telescope. The 
telescope was actually invented by a Dutch lens-grinder named Hans Lippershey (Drake, 
1972). Upon learning the details of a devise that made distant object appear closer, 
Galileo attempted to make a device himself. He succeeded. He had created a nine-power 
telescope (Drake, 1972). He continued using and improving his telescope until he had 
one of thirty-power which he used to observe the moon, stars, planets and sunspots. In 
1609, Galileo, Englishman Thomas Harriot (1560-1621), and others were among the first 
to use a refracting telescope as an instrument to observe stars, planets or moons. Harriot 
may have drawn the surface of the moon before Galileo (Massey, 2009). Galileo’s studies 
and observations made with his telescopes, which he shared with Johannes Kepler (1571-
1630), supported the heliocentric idea of Nicolas Copernicus (1473-1543) that the Earth 
revolved around the sun (Doak, 2005). This was in direct opposition with the Catholic 
Church’s belief of a geocentric universe and caused some problems for Galileo.  
 
Galileo was told to never write about or discuss his or Copernicus’ ideas (Doak, 
2005). This did not stop the writings from being published. The Pope (Urban VIII) 
became angry with Galileo and sent orders for him to come to Rome to stand trial on 
charges of heresy. After his trial, Galileo was sentenced to permanent house arrest (Doak, 
2005). Toward the end of his life Galileo became completely blind, yet he was still able 
to continue his work. Along with his assistants, Vincenzio Viviani (1622-1703) and 
Evangelista Torricelli (1608-1647), Galileo came up with the idea of using a pendulum to 
make clocks work more accurately (Doak, 2005). Galileo’s last work was Discourses 
Concerning Two New Sciences (1638). The book contains his contributions to physics 
with refined theories of motion and principles of mechanics. Galileo died in 1642 at the 
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age of 77. Many years later, his Discourses would inspire Isaac Newton (1643-1727) to 
formulate his Laws of Gravity (Doak, 2005). 
 
Building on Archimedes’ Discovery 
 
In about 1586, Galileo invented a device, based on Archimedes’ work, which 
weighed objects in both air and in water. He wrote about his new device in a work called 
the Little Balance (Drake, 1972; Doak, 2005). This devise used measurements of mass, 
both in and out of water, to allow calculations for what is now known as specific gravity. 
Specific gravity is the weight of material in air divided by the weight (or the ratio of 
weights) of an equivalent volume of water at 4o C.  In contrast, density is the measure of 
the mass of a substance contained within a particular volume of a substance (Smith and 
Pun, 2006). As discussed later in this module, specific gravity depends on the atomic 
weights of atoms and how those atoms are arranged in a structure. The more tightly the 
atoms are packed, the higher the specific gravity. Density and specific gravity are, 
essentially, measurements of the same property. Density also depends on how the atoms 
are arranged or, in other words, the ratio of mass of a substance to the unit volume of the 
substance. Again, the more tightly packed the atoms are (more atoms in a given volume), 
the higher the density (Smith and Pun, 2006).   
 
Galileo understood how to determine what is now called the density of an object. 
He knew, based on the experiments of Archimedes, that different solid materials had 
different densities, but what about the densities of fluids? Archimedes had experimented 
with the upward force produced by liquids that support objects placed in the liquid 
(buoyancy) using an instrument he had invented to measure the density of liquids. 
Archimedes used his hydrometer and discovered that this force was greater in salt water 
than in pure water (Lafferty, 1991) and that pure liquids always have the same density. 
While conducting experiments with liquids, Galileo discovered that changes in 
temperature result in changes in volumes of air. He called his device for observing 
changes in temperature a “thermoscope” (Doak, 2005). It consisted of long-necked glass 
bulb at the end of a glass tube. The bulb was heated, and then the entire device was 
placed into a container of water or other liquid. As the air in the bulb cooled, liquid was 
drawn into the tube. Changes in height signaled changes in temperature. This simple 
devise showed that changes in the volume of air were due to changes in air temperature 
(Doak, 2005).  
 
Go to Experiment #2: Density of Liquids 
 
Early uses of Density in the Geosciences  
 
The discovery of density by Archimedes was important not only to the problem 
he faced with the gold crown and to the work of Galileo, Newton and others. It was also a 
very important concept for the growth of all types of scientific knowledge.  
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Density in the Oceans 
 
 During Colonial times in the U.S., British officials in Boston wrote to London and 
complained about their ships taking two weeks longer to reach America than it took the 
American merchant ships to reach London. Some found this hard to believe. Not only 
were British ships better crewed than the heavier American ships, they sat higher on the 
water and were faster (Haven, 2007). Ben Franklin (1706-1790) examined the reports of 
British officials and learned what some whalers had known for quite some time: the 
reason for the time difference is the Gulf Stream - a powerful, warm, and swift Atlantic 
ocean current that originates at the tip of Florida, and follows the eastern coastlines of  
the United States and Newfoundland before crossing the Atlantic Ocean). But, during 
Colonial times the Gulf Stream did not appear on any maps or in any of the Navy’s 
manuals (Haven, 2007). 
 
Over the next 13 or so years, Franklin crossed the Atlantic eight times and 
prepared maps based on both interviews with sailors and his own observations. On each 
crossing, he carefully plotted the course his ship took and measured and recorded the 
temperature of the water at 20 and 40 fathoms (Haven, 2007). His research revealed that 
there is a wide strip of warm water in the Atlantic. He was able to chart the width of the 
Gulf Stream by analyzing the water temperatures differences at different depths. Franklin 
discovered that large masses of warm water travel into the northern Atlantic from the 
Caribbean (Haven, 2007). 
 
During these first-ever scientific investigations of the Gulf Stream Franklin also 
related the importance of this warm water body to weather and climate (Haven, 2007). 
Franklin’s scientific study of ocean currents, ocean temperature, the effect of ocean 
current on winds and vice versa, and the effect of ocean currents on regional and global 
climate (Haven, 2007) marked the beginning of modern oceanographic science. 
Franklin’s work inspired others to continue the study of the Gulf Stream and other ocean 
currents around the world. These studies would eventually link the effect of changes in 
density to changes in ocean currents and circulation patterns. 
 
Modern scientists know that ocean currents are masses of water, in large or small 
amounts, that flow from one place in the ocean to another. These currents can be near 
surface or in deeper areas. The Atlantic Gulf Stream that Franklin observed and measured 
is an important current. It carries immense amounts of warmer water northward and 
eastward from the Caribbean to Europe and is important to global heat distribution.  
 
Circulatory ocean patterns (figure 2) are used by scientists to interpret and model 
paleoclimates as well. By understanding the changes in density in the oceans and how 
those changes affected ocean circulation and climate in the past, scientists can predict 
what may happen in the future should these changes occur again. Forecasts of future 
climate patterns show that buoyancy input, through changes in density by warming and 
freshening, of North Atlantic surface waters are likely to lead to a reduction of ocean 
circulation resulting in changes in climate (Schmittner et al., 2007). 
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Figure 2 – The ocean currents system shown above is popularly called “the great conveyor belt” and 
sometimes “thermohaline circulation”. Thermohaline Circulation (THC) is a result of density differences. These 
differences are controlled by changes in temperature and salinity in sea water. The interior density distribution is not 
solely determined by buoyancy fluxes (heat and freshwater) at the surface; it is also determined by internal mixing 
processes as well as the flow itself. Density distribution also depends on forcing by winds and tides. Modified from 
Kuhlbrodt et al., 2007.  
 
Density in the Atmosphere 
 
The relationship between air and density was not understood in Aristotle’s time.  
It was Leon Philippe Teisserenc de Bort who, around 1895, first recognized that air has 
density (Haven, 2007). For most people it may seem surprising that air has density. 
However, air is composed of molecules and we know that density is the quantity and 
concentration of the number of particles (molecules) of matter. So, it is logical to 
conclude that air has density. Recall from the early work of Galileo that changes in 
temperature cause air to expand or contract.  
 
Leon Philippe Teisserenc de Bort (1855-1913) thought it was important to be able 
to understand and predict the weather (Haven, 2007). Scientists needed to be able to 
explore and collect data from the upper regions of the atmosphere. Manned balloon 
flights had been conducted earlier and these flights also carried scientific instruments 
(barometers, thermometers etc.). However, the manned balloon flights never went above 
four kilometers. Why? Because of the lack of breathable oxygen (Haven, 2007).  
  
 Teisserenc de Bort began to develop unmanned, high altitude gas balloons around 
1895. His balloons carried an instrument package that was connected to recording 
devices (Haven, 2007) in a wicker basket. The instruments provided records of conditions 
in the upper atmosphere. He also designed a parachute and release system that would 
allow his wicker basket to return safely back to the ground. Teisserenc de Bort found that 
with some launches it was difficult to follow and locate the balloons even with the aid of 
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a telescope (Haven, 2007). Several packages were lost, smashed when the parachute 
failed to open, or sank to the bottom of lakes (Haven, 2007).  
  
 Using the data that were not lost, Teisserenc de Bort ascertained that the 
atmosphere’s temperature progressively decreases at a sustained rate of 6.5oC per 
kilometer (19oF per mile). At about eleven kilometers in altitude, the temperature stops 
decreasing and remains fixed at about -53oC to an altitude of around 48,000 feet 
(14.6km). Unfortunately, this was as high as his balloons would float (Haven, 2007). He 
also conducted launches at night to reduce the effects of solar warming on the 
thermometer readings. His nighttime results were the same as those from the daytime 
(Haven, 2007). He conducted over 200 tests and was able to determine that his data were 
accurate. Teisserenc de Bort concluded that near the Earth’s surface was an eleven 
kilometer (~36,000ft) thick layer of air where temperature changes created density 
changes that produced wind currents, clouds, and weather (Haven, 2007) and that above 
that layer air settled into a constant temperature zone with little or no activity. The 
constant temperature allowed the higher air layer to remain stable (Haven, 2007). He 
named the layer nearest the Earth troposphere and the one above it stratosphere.  
 
Convection in the Atmosphere 
 
We now know that warm air is less dense than cold air, so it rises. Cool air is 
relatively dense, so it sinks. Air near the surface of the Earth warms, rises, and is replaced 
by descending masses of cooler air. This pattern of heating and cooling is called 
convection. This circulation creates clouds and wind.  
 
William Ferrel (1817–1891) was the chief founder of the subject now known as 
geophysical fluid dynamics (Burstyn, 1971). Ferrel’s career as a scientist (not the 
comedian) began with his studying of Newton’s Principia about 1850. He proposed the 
first formulation of equations dealing with the motion of a body moving in relation to the 
rotating earth and its effects on atmospheric and oceanic circulation (Burstyn, 1971). 
Ferrel, like other scientists who studied relative motion and geophysical outcomes during 
that time, may have been indebted to Jean Bernard Léon Foucault’s (1819-1868) work on 
pendulums (1851) and gyroscopes (1852) – which helped Ferrel develop meteorology 
from a descriptive science to a branch of mathematical physics (Burstyn, 1971). Ferrel 
cells are based on convection in the atmosphere. A convection cell forms from the rising 
of warm air (less dense) and the sinking of cold air (more dense), much like convection in 
the Earth’s mantle.  
 
Demonstrations #1a: Convection in air and #1b: Convection in liquids 
 
Density in Solid Earth 
 
Have you ever watched a lava lamp? Heat and density are 
keys to motion in a lava lamp. The motion of liquids in a lava lamp 
represents movement of mass and movement of heat. Convection is 
motion that involves matter and heat at the same time (Smith and 
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Pun, 2006). What does this have to do with geology? The lava lamp is a simple way to 
model motion within the earth. Though it is not completely characteristic, it does provide 
a basic representation of convection motion in the mantle. This motion causes volcanoes 
to erupt, earthquakes, mountains to rise and basins to sink.  
 
Demonstration #1c: Convection in the mantle  
 
The Earth’s interior is characterized by a gradual increase in temperature, 
pressure, and density with depth. The increase in pressure with depth causes an increase 
in rock density. The temperature also increases with depth and these higher temperatures 
causes the rocks to (melt) or become molten – like a thick liquid (Smith and Pun, 2006). 
We have learned from the previous discussions that changes in temperature and density 
causes convection in liquids. Deep in the Earth, convection also depends on gravity. 
Gravity has a greater effect when the difference in densities and temperature differences 
in materials is large. The Earth is made of layers that differ in density, temperature, and 
composition. Beno Gutenberg (1889-1960) presented the first logical description of 
Earth’s Interior.  
  
 A geophysicist named Beno Gutenberg was the first to calculate the properties  
of Earth’s interior layers. When he was a young boy, Gutenberg wanted to be a 
meteorologist (Haven, 2007). During his college years he studied meteorology. But, 
when a new department was formed at the University of Göttingen Gutenberg began to 
study under the direction of Emil Wiechert – a pioneer in the science of seismology 
(Haven, 2007). Gutenberg studied seismic wave patterns, from the work of Charles F. 
Richter (1900-1985), and found that the seismic waves did not reach all parts of the 
Earth’s surface (Shor and Shor, 1972). In all of the data, Gutenberg noticed a “shadow 
zone” directly across the earth from a seismic event. In this zone no seismic waves were 
detectable (Haven, 2007). He also noticed that the waves traveled at different speeds and 
on different paths through the earth. This lead Gutenberg to think that the earth’s interior 
was not a solid or a uniform mass of material (Haven, 2007).  Perhaps, it had different 
layers! Using mathematical calculations, chemical experiments, and data (1914) recorded 
from diffractions of the seismic waves Gutenberg calculated the thickness, density and 
material that made up the Earth’s core.  
 
Determining the Layers of the Earth 
 
Beno Gutenberg’s model was quickly accepted but was not improved until 1938. 
Inge Lehmann (1888-1993) completed thorough research of P waves with newer and 
improved equipment (Haven, 2007). Her research showed that the Earth’s core was 
divided into a solid inner layer and liquid outer layer. She also divided the mantle into an 
inner and outer layer. Croatian scientist Andrija Mohorovičić (1857-1936) also presented 
evidence that the earth had layers. Mohorovičić studied seismographic data from an 
earthquake. He discovered that the waves produced by the earthquake gained speed at a 
certain depth. He knew that speeds of these waves depend on elasticity of the material 
they pass through. From this information he concluded that changes in speed were 
influenced by density variations. Mohorovičić used seismographic data to create a map 
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that illustrated of the upper boundary of the Earth’s mantle. The boundary that separates a 
layer of dense rock material (mantle) that underlies a less dense rock material (crust) is 
known as the Mohorovičić discontinuity. The Mohorovičić discontinuity separates both 
oceanic crust and continental crust from underlying mantle. The Mohorovičić 
discontinuity mostly lies entirely within the lithosphere; only beneath mid-ocean ridges 
does it define the lithosphere – asthenosphere boundary. 
 
From the research of Gutenberg, Lehmann, and Mohorovičić we have learned that 
the interior of the Earth has different layers (crust, mantle, and core) each with their own 
characteristics. The crust is divided into two types: continental crust and oceanic crust. 
The density, composition, and thickness of the crust vary from the deep ocean to the 
plateaus. The ocean crust (about 10 km thick) is compact and composed of basaltic rock 
and the continental crust (20-60 km thick) is composed of granitic rocks. If continental 
crust is so much thicker than oceanic crust, why are the ocean basins under water and the 
continents above water? The answer lies in their density differences and buoyancies. Less 
dense continental crust will always float higher than the oceanic crust. This is the 
principle of isostasy. Isostacy is defined as the equilibrium in the Earth's crust such that 
the forces tending to elevate landmasses balance the forces tending to depress 
landmasses. In other words, when the upward force from by the mantle equals the weight 
of the crust, they reach an equilibrium (Archimedes’ Principle - the weight of a floating 
solid is supported by the weight of the fluid that it displaces). So, the crust rides on the 
top of the mantle because it is less dense than the mantle. But where does the displaced 
mantle material go? It basically gets pushed away from the weight that is pressing down 
on it. 
 
Putting the Puzzle Together 
 
Alfred Lothar Wegener (1880-1930) was a meteorologist by trade. In 1911 he 
wrote Thermodynamics of the Atmosphere. Using simple mathematics, Wegener was able 
to explain complex problems while maintaining their precision (Schwarzbach, 1980). 
Wegener had many meteorological interests.  His research revolved around tornadoes and 
waterspouts (no pun intended). Data for his research of the events was collected using 
direct observations, an important component of the scientific method. Wegener’s studies 
focused on meteorological phenomena during the last phases of their occurrence 
(Schwarzbach, 1980). For example, he studied the impact zones from meteorites.  
 
By studying impact craters that he found on Earth, Wegener gathered information 
and wrote a short work entitled The Origin of Moon Craters. His detailed examinations 
of impact craters on Earth coupled with his natural curiosity lead him to seek an 
explanation (another important component of the scientific method) – Are the craters 
found on the moon formed by volcanic eruptions or were they formed by the impact of 
numerous meteorites? Using controlled experiments (scientific method), Wegener 
attempted to answer this question (Schwarzbach, 1980). In his experiments, Wegener 
used powdered cement to create impact craters that were very similar in appearance and 
form to those he observed on the moon. He deduced that the impact of meteorites formed 
the craters he observed on the lunar surface. At this time however, Wegener’s 
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experiments were not deemed scientifically important and did not command further 
attention (Schwarzbach, 1980).  
 
While on a meteorological tour of the world in 1911, Wegener’s natural curiosity 
was attracted to a distinct characteristic on a world map. After studying the map, he 
observed that the coasts of South America and Africa seemed to fit exactly against one 
another across the Atlantic. This “puzzle-like” fit of the continents led him to ask another 
question: Could the two continents have once been joined? This resemblance in coastline 
shape had been observed by others before Wegener’s time (Schwarzbach, 1980, Haven, 
2007). Francis Bacon (1561-1626), a noted philosopher and statesman, made a similar 
observation some 300 years earlier. Geologists in the late 19th and early 20th centuries 
presumed that the Earth's major geologic features did not change and that most features, 
such as mountain ranges, could be substantiated by the vertical movement of the crust –
this was the basis of the then-popular geosynclinal theory (Kious and Tilling, 2001). The 
Dutch map maker Abraham Ortelius suggested in his 1596 work Thesaurus 
Geographicus, that the continents had not always been remained in their present 
positions. He noticed that the coast lines on opposite sides of the Atlantic Ocean (more 
precisely, the edges of the continental shelves) have similar contours and appear to have 
once fit together. The belief that the Earth was solid made hypotheses such as these 
difficult to explain (Kious and Tilling, 2001). Also, Antonio Snider-Pellengrini showed a 
map where the Americas boarded Africa in a book titled La Creation et ses Mysteres 
Devoiles (Creation and its Secrets Unveiled) in 1858.  
 
Wegener used data and notes from fieldwork by Eduard Suess to provide the 
geological data that rock formations on the coasts that faced each other were often a 
perfect match. Wegener also collected data from plant records of American and European 
Flora and used their similarities for a reconstruction of the Carboniferous period 
(Schwarzbach, 1980). He concluded that at one time, all of the continents were joined as 
a single massive continent. Wegener had discovered continental drift, but was unable to 
find support for the mechanism or force driving the continents (Bullen, 1976).  
 
If lithospheric plates are, in fact, shifting then it is only logical that Europe and 
North America should be moving away from each other. The distance between the two 
continents would be increasing from one year to the next. There was no tape measure 
long enough to stretch from continent to continent, and the satellite technology to 
measure the distance would not be around until sometime off in the future, something 
else had to be used. One idea was that if the continents are moving apart and new crust is 
being formed at the ridge, then the younger rocks should be closer to the ridge and get 
older further away from the ridge. 
 
The Missing Piece 
 
In 1957, Harry H. Hess, (1906-1969) a geologist and United States Navy officer 
in World War II, watched a crane operator maneuver a drilling rig designed to collect 
core samples from the ocean floor (Haven, 2007). These samples from 13,000 feet deep 
showed that the ocean floor was much younger than the continents and that the 
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sedimentation rates were slower than earlier scientists first theorized. Hess argument was 
that magma rose from the earth’s mantle, by convection through rifts and spread out 
laterally (Haven, 2007). When the magma cooled it formed new crust. This discovery 
was dubbed seafloor spreading and became the foundation for the theory of plate 
tectonics. The data Hess collected helped to confirm Wegener’s concept of continental 
drift. In his paper History of Ocean Basins (1962), Hess discusses an explanation for sea 
floor spreading: 
 
 
“Long ago Holmes [Arthur Holmes, 1890-1965] suggested convection 
currents in the mantle to account for deformation of the Earth's crust. 
Nevertheless, mantle convection is considered a radical hypothesis not 
widely accepted by geologists and geophysicists. If it were accepted, a 
rather reasonable story could be constructed to describe the evolution of 
ocean basins and the waters within them. Whole realms of previously 
unrelated facts fall into a regular pattern, which suggests that close 
approach to satisfactory theory is being attained”. 
 
“The continents do not plow through oceanic crust impelled by unknown 
forces; rather they ride passively on mantle material as it comes to the 
surface at the crest of the ridge and then moves laterally away from it. 
On this basis the crest of the ridge should have only recent sediments on 
it, and recent and Tertiary sediments on its flanks; the whole Atlantic 
Ocean and possibly all of the oceans should have little sediment older 
than Mesozoic”. 
 
 
Main Principles of Plate Tectonics  
 
The lithosphere and asthenosphere help form the outer layers of the Earth. These 
layers are determined by differences in their mechanical properties. The lithosphere 
includes separate and distinct tectonic plates, which can be either oceanic or continental. 
These plates ride on the “fluid-like” asthenosphere. At a plate boundary, where two plates 
meet, the boundaries are often associated with events such as earthquakes and geological 
features such as mountains, volcanoes, mid-ocean ridges, and oceanic trenches.  
The ancient Greeks believed that pent-up air trapped deep under Earth’s  
surface would shake the ground while trying to escape. This was the common belief  
for centuries. Much later, in 1755, an earthquake in Lisbon changed the way of thinking 
about earthquakes for scientists. An English Physicist, John Mitchell (1724-1793) made 
an observation (Asimov, 1989). He noticed that earthquakes were more frequent in the 
area of volcanoes. He thought that water under the surface was heated to boiling from 
volcanoes and, from time to time, that trapped steam tried to force its way out from the 
subsurface. He also went on to claim that earthquakes set up waves that would move 
through the interior of Earth (Asimov, 1989). If it was possible to record measurable 
speeds of the waves at different places the epicenter, or origination point, could be 
established. Mitchell is often referred to as the founder of seismology (Asimov, 1989). 
 
Activity 1: Online Earthquakes  
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 Oceanic crust has less silicon and contains heavier elements than the continental crust. As 
a result of this density stratification, oceanic crust generally lies below sea level (for example 
most of the Pacific Plate), while the continental crust buoyantly projects above sea level due to 
isostasy. 
 
Go to Experiment #3: Density of rocks/minerals  
 
Observations made in the 19th century by John Henry Pratt (1800-1871) led to the 
theory of isostasy.  He detected an inconsistency between astronomical and geodetic 
measurements (triangulation) (Gohau, 1990). Pratt deduced that the difference was the 
effect of the Himalayas on the direction of a plumb line. Under normal conditions the 
plumb bobs will point toward the center of gravity of the earth. Pratt’s study conclude 
that this line was deflected by the attracting mass of nearby objects, in this case the 
mountains. The Royal Astronomer from the United Kingdom, George Biddel Airy (1801-
1893), became interested in Pratt’s paper on the subject (Gohau, 1990). Airy envisioned 
the Earth’s crust floating on a fluid of higher density. He suggested that the features that 
rise higher above the surface of the Earth should also extend deeper into the fluid. This 
followed Archimedes’ principle whereby the weight of the immersed body is equal to the 
amount of fluid that is displaced (Gohau, 1990).  
 
Current and Future Uses of Density: Geoscience related  
 
 From the earlier work of Gutenberg, Lehmann, Richter and others, we have 
learned that seismic waves travel at different speeds through areas of the earth that have 
different densities. The use of seismic waves for oil and gas exploration (figure 3) is an 
important use of seismology. In offshore research a ship drags a piece of equipment 
called a sound source and underwater receivers called hydrophones (on land they are 
called geophones). Sound waves are produced by a pneumatic device that works like a 
firecracker. The waves bounce off the rock layers below the surface and are detected by 
the hydrophones. The speed at which the waves return to the hydrophones is used to 
determine changes in the materials in subsurface features. The data is sent to a machine 
that records and produces a seismic line. The reflected waves are used to map the 
subsurface sedimentary structures, such as faults, folds, or domes that trap oil and gas. 
Oceanographers use this method to study the sedimentary layers on the continental slope 
and rise and on the floor of the deep sea. This process is used quite often to explore for 
oil and gas deposits on buried continental shelves and in shallow seas. (Press and Siever, 
1974) 
 
How is this Important? 
 
How do geologists determine what is under the Earth’s surface? One way is by 
using seismic waves. Subsurface features, such as faults, are important to study so that 
areas with high earthquakes activity can be mapped or located. The techniques used on 
land are similar to those used in offshore exploration. By using seismic waves to detect 
changes in densities between layers underground, scientists can determine the location of 
faults, old stream channels, and mineral deposits. With the use of geophysical equipment 
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(reflection seismology techniques, hydrophones, geophones, etc. – figure 3), scientists 
send sound waves into the subsurface and use the reflected signal to map the layers. With 
the use of this equipment scientists can study the risks for destruction, based on rock 
types and structures in different geographic regions. By studying the pattern of 
earthquake occurrence, seismologists provide one of the essential clues for predictions of 
earthquakes, tsunamis, fault zones or plate boundaries which are important in 
determining the location of future dams or reservoirs. These readings can also be used for 
locating underground water resources.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3 – Seismic method for prospecting for oil and gas offshore. Seismic surveys are carried 
out extensively offshore to search for potential reserves of oil and gas in the subsurface rock 
formations. Seismic survey vessels tow streamers suspended below the surface which carry 
hydrophones. Sound waves are transmitted from the vessel, using compressed air guns, through the 
seabed and are then reflected back from the different layers of rock. These reflected sound waves are 
received by the hydrophones located along the seismic streamers. The data is then processed and a 
“picture” of the subsurface is then created.  (Modified from www.fishsafe.eu) 
 
Activity 2: Reading a seismic line  
 
Using Density to Make Predictions 
 
Because density affects ocean circulation which, in turn, affects climate and wind 
patterns or air circulation, scientists can make climate predictions by studying the effects 
of density changes in the atmosphere or ocean waters. Weather patterns are important for 
life on earth. Being able to predict storms can save the lives of people that live in areas 
where frequent storms are possible. Weather patterns also affect the hydrologic cycle 
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which is becoming more important as our need for fresh water, and precipitation 
prediction continues to grow. Prediction of weather may save farmer’s crops, which are 
climate dependent. 
 
Using Density in Mineralogy  
 
Density is defined as mass per unit volume and is the same for a mineral as that of 
any other substance. The ratio of weight of a substance and the weight of an equal 
volume of water at 4oC (the temperature of the maximum density of water) is expressed 
as a number referred to as Specific Gravity (or relative density) (Klein and Dutrow, 
2007). The values for specific gravity and density are nearly equivalent. The density of 
pure water at 4oC is nearly 1.0 g/cm3. Thus, a mineral with a specific gravity of 2 weighs 
twice as much as the same volume of water (Klein and Dutrow, 2007). An important aid 
for identifying minerals is Specific Gravity. When working with fine crystals or 
gemstones determining specific gravity will not destroy a specimen whereas other may 
damage or harm the specimen. Two factors, chemical composition and the packing of 
atoms in its crystal structure, influence the specific gravity of a crystalline substance 
(Klein and Dutrow, 2007).  
 
When minerals have identical structures, the mineral that has the larger mass 
usually has a higher density and specific gravity. Orthorhombic carbonates are a prime 
example of this relationship. There is a direct relationship between the increasing atomic 
weight of the cation and the increasing mineral’s specific (Klein and Dutrow, 2007). 
Sometimes there is a systematic variation in the chemistry of mineral and its specific 
gravity. This usually occurs when a single mineral varies in composition (Klein and 
Dutrow, 2007). This is illustrated in Mg-Fe rich amphiboles.  
 
Specific gravity is also controlled by how tightly atoms are packed inside the 
structure of a mineral. The more tightly packed the atoms in the structure are, the higher 
the density and specific gravity. This is commonly observed in polymorphs (Klein and 
Dutrow, 2007). Polymorphs are compounds that have the same chemical composition but 
different structures (Klein and Dutrow, 2007). A classic example of this is shown in 
diamond and graphite where both minerals are made of the element carbon. In these 
polymorphs, the mineral that formed at higher pressures (diamond) usually has denser 
packing (Klein and Dutrow, 2007). A diamond has a closely packed structure with the 
result being a specific gravity of 3.5. It has a high density of atoms per unit volume. On 
the other hand, the mineral that formed at much lower pressures (graphite) has a specific 
gravity of 2.23. Its structure is composed of loosely packed carbon atoms per unit volume 
(Klein and Dutrow, 2007).  
 
Density in Astronomy 
 
An understanding of density and its effects on atmospheric conditions, 
gravitational force, buoyancy of matter, and seismic reading will help us understand the 
composition of other planets and stars as we explore the solar system and beyond. The 
geometry of space is determined by the roles played by the density of matter and energy 
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in the universe. Using the law of gravity and assuming the distribution of matter, the next 
step would be to work out the physics of the universe – specifically, the relationship 
between space and the matter in it and how they evolve with time. Further information 
about matter in the universe is needed to provide more details, namely density (mass per 
unit volume) and pressure (force it exerts per unit area). The most widely accepted 
theory, among scientists, is that our expanding universe evolved from a very small and 
very dense volume of matter. This event would later be acknowledged as the Big Bang. 
Only the very largest of stars eventually form a black hole. The violent death of a star 
occurs when a star uses up its supply of nuclear fuel and once its core is exhausted of 
energy. A supernova results from the exploding star blowing its atmosphere off into 
space. The star’s dense core shrinks under the overwhelming clutch of gravity and 
eventually disappears inside a black hole (Roeder, 1990). 
 
Density in Biology 
 
Density is also important in biological issues. Density is the amount of mass per 
unit of volume. Population density refers to the number of individuals, or organisms per 
given unit of land/water area (usually square kilometers or square miles). It is a common 
biological measurement. For Earth Scientists, density maps based on human population 
are a crucial element for answering questions about the relationship between people and 
the environment, such as “How does population density relate to changes in land cover?” 
“How are natural resources distributed in relation to population?” How do densely 
populated regions, with their pollution, artificial surfaces, and urban heat islands, affect 
climate?” Scientists compare detailed population maps to other geographically based data 
sets, including satellite data to answer these and other questions. 
 
 For doctors, an important use of density is for the study of bone and tissues in 
humans. The skeleton bones support the body and provide a place for muscle attachment 
while protecting vital organs (Biggs et al., 2000). Doctors can use the density of these 
tissues to detect diseases. Low density of tissue can also provide doctors with knowledge 
of weaknesses in bones or muscles.  
 
Current Knowledge Built on History 
 
We can now see the importance of the historical discovery and how it is relevant 
to science today. This concept, now called density, began with Archimedes and was built 
upon by the scientists that followed over the centuries. Each of the contributing scientists 
took an existing idea, expanded on it or redeveloped it using the available information 
and technology of the time, and made it relevant to their work. This is an excellent 
example that shows how science is a process that begins with an idea and is built upon 
over time and how communication between scientists can produce scientific advancement 
(or scientific barriers). Sometimes, science can advance from someone willing to take a 
chance and think differently about established beliefs or ideas. 
? 
What began a couple of thousand years ago when a man was trying to catch a 
gold thief with an idea that popped into his head while sitting in his bath led to one of the 
most important discoveries still used in the Geosciences today. 
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QUESTIONS FROM THE READING MATERIAL (thinking questions)  
 
Read each question carefully: 
 
1. What does the word science mean to you? (not the textbook definition) 
 
2. In much of ancient history, the Greeks formulated theories to explain the natural world. These 
ideas were based on observation and mathematics. Would you consider the ancient Greeks 
scientists? Why or Why not? 
 
3. What is meant by density? Give a definition in a complete sentence and be sure to mention the 
units density is most commonly expressed in. 
 
4. Archimedes determined that King Heiron’s crown contained a substance other than gold. 
Using the Eureka Story, break down Archimedes’ discovery into the steps of the scientific 
method. 
 
5. Though not directly mentioned in the text, Galileo communicated his ideas with other 
scientists. Galileo published his findings against the orders of the church and it got him into a lot 
of trouble. Explain why you think communication between scientists, and between scientists and 
society is important or not important?  
 
6. Do you think that people (non-scientists) contribute to science and technology today? Explain 
your answer. 
 
7. Compare the differences between weight and mass. 
 
8. Explain how you think convection in a lava lamp works? Relate your answer to convection in 
the mantle. 
 
9. Why does changing the shape of an object have no effect on the density of that object? 
 
10. Explain how or why a hot air balloon rises into the atmosphere. 
 
11. From what you know of gravity, would your mass be more or less on the moon? Explain. 
 
12. From what you know of gravity, would your weight be more or less on the moon? Explain. 
 
13. Can you think of any other current or future uses for density not previously mentioned? List 
them. 
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Experiment # 1:  The density and volume of irregularly-shaped objects 
 
Student’s Copy 
 
The material contained in this section comes directly from the NASA Stardust Mission: 
http://www.nasa.gov/mission pages/stardust/mission/index.html 
 
Deep-space Mission 
 
The Stardust spacecraft was launched on February 7, 1999. The primary goal of Stardust 
is to collect comet dust during its closest encounter with Comet Wild 2 (pronounced "Vilt 2") 
after the name of its Swiss discoverer.  In addition, during part of its flight, an attempt was made 
to collect interstellar dust. In January 2004, the Stardust spacecraft flew through comet dust and 
captured specks of it in a very light, low-density substance called aerogel. During the encounter, 
the Dust Flux Monitor recorded rates of impact of dust particles while the Comet and Interstellar 
Dust Analyzer (CIDA) did real time analyses of their compositions. But primarily, Stardust 
captured samples and stored them for safe keeping on its long journey back to Earth. 
 
Stardust's return capsule parachuted to the Utah Test and Training Range on Jan. 15, 
2006 after a seven-year mission. The science canister containing the comet particles and 
interstellar dust particles were taken to NASA’s Johnson Space Center. From there, the cometary 
samples have been processed and distributed to about 150 scientists worldwide who are using a 
variety of techniques to determine the properties of the cometary grains. Many scientists believe 
that comets are largely made of the original material from which our solar system formed and 
could contain pre-solar system, interstellar grains, although so far they appear to be very rare.  
The comet particles have a wide range of compositions and mineralogies, indicating that there 
had to have been substantial radial mixing in the solar nebula. Continued analysis of these 
celestial specks may well yield important insights into the evolution of the Sun, its planets, and 
possibly even the origin of life. NASA has been preparing for another mission. 
 
Problem  
 
Before the successful comet mission NASA encountered problems with their deep-space 
probe rockets. During numerous practice launches, the capsule containing the deep-space probe 
has fallen off of the rocket within minutes after each launch. NASA scientists have been re-
evaluating the materials used in capsule construction, the rocket mounts and their hardware, and 
other variables used to construct the rocket. The president of the ACME (Analysis of Cosmic 
Materials and Exploration) Rocket Corporation has assured NASA that all of the parts that the 
company supplied were of the highest quality and met all of NASA’s standard requirements, so 
he blamed the malfunctions on the technicians.  
 
Hypothesis 
  
One of the service technicians in charge of mounting the capsule to the rocket collected 
the debris from the failed rocket launches. His job was to re-assemble the capsule and mounting 
brackets, to the best of his ability, using the recovered parts. Upon completion, from one of the 
earlier rockets, he noticed that the hardware that was used to secure the capsule to the mounting 
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bracket was slightly deformed. Was this due to the intense heat from the explosion, from the 
impact with Earth, or from another factor? After each unsuccessful launch, his recovery team 
collected the remains and pieced together the capsules. After five reconstructions he noticed that 
much of the hardware from each capsule was slightly deformed. He went to the storage facility 
and located the numerous cases of hardware. He opened several new cases and examined the 
pieces. Each case of hardware was the same color. Each case felt the same weight, and each 
piece in the case appeared to be of the same size and shape. He knew that there was something 
different about the cases of hardware, but he had to have proof before he could go to his 
superiors.  
 
Your job as an emergency service technician for NASA is to determine the faulty hardware 
contained in your sample. 
 
The Stardust information can be found at www.nasa.gov using keyword “stardust”. The story 
contained in this lab has been customized to relate to the module topic.  
 
Research 
 
Recall the story of Archimedes and the Gold Crown: King Hieron called upon 
Archimedes to determine the gold content of the crown. He did not know any way of 
determining the relative density (mass/volume) of an irregularly-shaped object. The weight could 
be determined using a balance or scale, but the only way known, at that time, to determine 
volume was to pound the crown into a solid cube. Since King Hieron had specified that the 
crown could not be damaged, Archimedes did not desire the king’s wrath from pounding the 
crown into a cube. So, Archimedes took the crown home. He sat looking at it and wondered what 
he could do. He weighed the crown, then he weighed a piece of pure gold like the one the 
goldsmith had be given. The crown weighed exactly the same as the gold. One evening, after 
many days of thinking, the answer came to Archimedes while he was taking a bath. His servants 
had filled the tub with water all the way to the rim. As Archimedes lowered himself into the tub, 
the water overflowed onto the floor. Suddenly, he gave a shout and jumped from the bath. He ran 
down the street shouting, “Eureka!” In Greek, this means “I have found it.”  
 
The underlying discovery is: Archimedes had shown that when an object is placed in 
water it displaces an amount of water equal to its own volume (Richard, 2003).  
 
Student Procedures 
 
1.  Collect pieces of the failed rocket launches (provided by your instructor). There should be a 
variety of pieces in different shapes and sizes (hex-nuts, washers, bolts, screws, brackets, tubing 
or other items) 
 
2.  Make sure that your research/work station has the appropriate materials to conduct your 
investigations.  
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You will also need: 
 
• 100 mL graduated cylinder  
• Water 
• Scientific scale in grams  
• Paper towels for cleaning up  
• Ruler  
• Pen/Pencil  
• Paper for taking note/recording data  
• Calculator  
3. Create a data chart (use chart below as an example to create a chart of your own) Make sure 
you have enough rows and columns. To ensure you have ample space on your chart, wait until 
you collect your samples to draw the chart. 
 
Example: 
Trial #  Sample 1    Sample 2     Sample 3     Sample 4    Sample 5    
 (grams)                
T1 Mass   5            
T2 Mass   6             
T3 Mass   5             
T4 Mass   6             
T5 Mass   5             
AVG Mass (g)   5.4             
                 
T1 Volume mL   3             
T2 Volume mL   3             
T3 Volume mL   4             
T4 Volume mL   4             
T5 Volume mL   3             
AVG Vol mL  3.4             
                 
Avg Density g/mL       ?         
           
Avg Density g/cm3     ?             
 
 
4. Fill the cylinder with water to any level above the 20 mL mark. Be sure to measure the water 
level at the bottom of the meniscus, not the top of the water level on the sides of the cylinder) 
Remember what level you fill it to (it does not have to be the same level every time). You may 
want to write it on a scrap piece of paper.  
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5. Separate the hardware samples. Be 
sure to keep them separated during and 
after the experiment so you know 
which one is which. 
 
6. Record the mass (in grams) of 
sample 1 on your data chart under 
sample 1 - T1 mass. Repeat this 
process 5 times for each sample and record the results on your data chart under T1 mass for trial 
1, T2 mass for trial 2 and so on. 
20 mL 
50 mL Measure to bottom of 
meniscus 
 
7. Gently place sample 1 into the cylinder. Observe and record where the water level is and 
subtract beginning level from this level (this gives you the volume of the sample in mL: 50 
mLtotal – 20 mLbeginning = 30 mLfinal) Mark this difference on your data sheet as volume in 
milliliters under Sample 1 = T1 Volume. Take the hardware out of the cylinder and dry it with 
the paper towels. Refill the cylinder - observe and record where the water level is. Again, gently 
place sample 1 into the cylinder.  Observe and record where the water level is and subtract the 
beginning level from this level. Mark the difference on your data sheet as volume in milliliters 
under sample 1 = T2 Volume. Repeat this process 5 times for each sample recording the data as 
Sample 1 = T1 volume for trial 1, Sample 1 = T2 volume for trial 2 and so on. 
 
8. Convert milliliters to cubic centimeters (use the chart at the back of the module if necessary). 
 
9. Repeat the above steps for each sample. Calculate the average mass and volume of all 5 
samples and record them on your data chart. For example: total of mass samples (T1 through T5) 
divided by number of trials (5) 
 
10. Using the formula D = m/v, determine the density of all 5 hardware samples in g/mL. Be sure 
to convert units (Density is expressed in grams per centimeter cubed [g/cm3]) 
 
Use the example to the right to create a graph with the mass of the object on the y axis and the 
volume of the object on the x axis. Use your data chart to plot the calculated density for each 
sample. Draw a best-fit line.  
 
Using Technology: (optional) Create a spreadsheet in Excel (or similar program) using your data. 
Create a graph for each sample.  
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Questions: 
 
1. How was this experiment similar to Archimedes’ Gold Crown Experiment? 
 
2. Could you determine the volume of the hardware some other way? Explain. 
 
3. What did you notice that was different about the samples? What was the same? 
 
4. Why do you need to try the experiment more than once per sample? (Or any experiment for 
that matter) 
 
5. Discuss what you can determine from the data/graph. (save your graph for later use) 
 
6. Complete the Density/conversion worksheets. 
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Student Worksheet 
 
Answer the following questions. Remember to include units and significant figures in your 
answer. Don’t forget to convert the units if necessary. Show all of your work! (use another sheet 
of paper if necessary) Use Proper Units! (Instructor can change variables as necessary) 
 
Calculate the density of each of the following: 
 
a. 156 mL of a solution with a mass of 325 g. 
 
 
b. 250 mL of a solution with a mass of 450 g. 
 
 
c. A 6.50 g solid with a volume of 5.25 cm3.  
 
 
d. 75.0 mg of a gas which occupies a volume of 0.0090L. 
 
 
e. A substance with a mass of 7.55 x 104 kg and a volume of 9.50 x 103 L. 
 
 
Calculate the volume of each of the following: 
 
f. 31.2 g of a solution (liquid) with a density of 6.52 g/mL. 
 
 
g. A 2.75 kg solid with a density of 9.65 g/mL. 
 
 
Calculate the mass of each of the following: 
 
h. A solid with a volume of 1.75 ft3 and a density of 10.2 g/mL. (convert to pounds) 
 
 
i. A 70 mL aliquot of a solution with a density of 6.50 g/cm3.  
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j. A solid with a density of 2.41 g/mL and dimensions of 3.0 cm x 3.0 cm x 3.0 cm. 
 
 
 
After you complete the questions and the conversion exercise answer the following question: 
(In your own words) What was the importance of this experiment? (What did you conclude from 
this experiment and the data you collected?) 
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Experiment # 2:  The density of known and unknown liquids 
   
Student’s Copy 
 
The material contained in this story can be found directly on the NASA website. NASA Stardust 
Mission: http://www.nasa.gov/mission pages/stardust/mission/index.html 
 
Deep-space Mission Continued 
 
When NASA's Stardust mission returned to Earth with samples from comet Wild 2 
(pronounced "Vilt-2") in 2006, scientists knew the material would provide new clues about the 
formation of our solar system, but they didn't know exactly how. New research by scientists at 
Lawrence Livermore National Laboratory, Livermore, Calif., and collaborators reveals that, in 
addition to containing material that formed very close to the young sun, the dust from Wild 2 
also is missing ingredients that would be expected in comet dust. Surprisingly, the Wild 2 comet 
dust samples better resemble a meteorite from the asteroid belt rather than an ancient, unaltered 
comet. 
Much of the comet dust returned by NASA's Stardust mission formed very close to the 
young sun and was somehow differentiated from the other materials that are believed to have 
formed in the early solar system. NASA scientists also discovered glycine, a fundamental 
building block of life, in samples of comet Wild 2 returned by NASA's Stardust spacecraft. 
Glycine is an amino acid used by living organisms to make proteins, and this is the first time an 
amino acid has been found in a comet. The discovery supports the theory that some of life's 
ingredients formed in space and were delivered to Earth long ago by meteorite and comet 
impacts. 
 
Problem  
  
 Stardust passed through dense gas and dust surrounding the icy nucleus of Wild 2 
(pronounced "Vilt-2") on January 2, 2004. As the spacecraft flew through this material, a special 
collection grid filled with aerogel – a novel sponge-like material that is more than 99 percent 
empty space – gently captured samples of the comet's gas and dust. The grid was stowed in a 
capsule which detached from the spacecraft and parachuted to Earth on January 15, 2006. Since 
then, scientists around the world have been busy analyzing the samples to learn the secrets of 
comet formation and our solar system's history. 
 
Along with the materials mentioned above, NASA scientists also discovered an unknown 
liquid contained in the samples. Dust samples melted at room temperature and formed liquids. 
The samples were separated and kept in containers until they could be analyzed. The liquid 
resembled many that can be found on Earth, but scientists wanted to know exactly what they 
were dealing with.  
 
Hypothesis 
  
NASA scientists were divided. Some believed that the liquid was toxic and should not be 
exposed to anyone on Earth and some believed that the liquid may have properties that could 
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benefit mankind. Could this liquid from the comet have helped with mass extinctions in the past? 
Could this liquid have helped life begin on Earth? Scientists analyzed aluminum foil from the 
sides of tiny chambers that hold the aerogel in the collection grid. As gas molecules passed 
through the aerogel, some stuck to the foil. Scientists spent two years testing and developing 
equipment to make it accurate and sensitive enough to analyze such incredibly tiny samples. 
  
 A lab technician was working late one night. As she went over the data she noticed a 
similarity in one of the properties of the materials collected from the mission. She immediately 
began testing the liquid and compared it to the known liquids found on earth. 
 
Research 
  
About 1586, Galileo invented a device, based on Archimedes’ work, which weighed 
objects in both air and in water and wrote about it in a work called the Little Balance (Drake, 
1972; Doak, 2005). This device used measurements of mass, both in and out of water, to allow 
calculations for what is now known as specific gravity. Specific gravity is the weight of material 
in air divided by the weight (or the ratio of weights) of an equivalent volume of water at 4o C. 
 Galileo understood how to determine what is now called the density of an object. He 
knew that different materials had different densities based on the experiments of Archimedes. 
What about the densities of fluids the objects were floating in? Would this affect a solid’s 
density? Archimedes had experimented with the upward force produced by liquids, which 
supports objects placed in the liquid (buoyancy), and discovered that this force was greater in salt 
water than in pure water (Lafferty, 1991) and found that pure substances always have the same 
density. Archimedes had made an instrument called a hydrometer to measure the density of a 
liquid. 
 
Procedures Student: Part 1 
  
Your job as a NASA lab technician is to determine the composition of the liquid 
contained in your sample.  
 
1. Create a data chart. Fill in the chart with the appropriate labels to record data for your 
experiment. 
 
                 
                      
                      
                      
                      
                      
                       
                      
 
 
2. Weigh the empty 100 mL cylinder. Record the mass. 
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3. Slowly pour one liquid at a time from one of the numbered containers into the cylinder trying 
to keep the liquids off of the sides of the cylinder. Fill to any level above the 20 mL mark. Be 
sure to measure the liquid level at the bottom of the meniscus (if there is one), not the top of the 
liquid level on the sides of the cylinder). Remember what level you fill it to (it does not have to 
be the same level every time). Record the volume of the liquid in mL. (Sample 1, T1 Vol = 5 
mL) 
 
 
20 mL 
Measure to bottom of 
meniscus 
 
 
 
 
 
 
 
 
 
 
4. Weigh the cylinder and liquid together. 
 
5. Record the mass (in grams = weight of cylinder and liquid minus weight of empty cylinder) of 
sample 1 on your data chart. This gives you the mass of the volume of liquid (g/mL). Usually, 
you would repeat this process 3-5 times for each sample and record the results on your data 
chart. For this experiment, you will consult with other groups for their data because 
communication between scientists is important. Ask other groups for their experiment data for 
each sample. You need three data for each sample; you have one of your own. Determine which 
data is accurate (pretty close to what you have) and determine the average mass of the three 
samples. Each group will collect at least 1 data set for each sample. If there are large 
discrepancies between data, the sample needs to be re-evaluated (done over). 
 
6. Repeat the process for each sample. 
 
7. Before testing a different sample, the cylinder must be washed thoroughly and dried as 
completely as possible. Do not force paper towels into a glass cylinder. 
 
8. Convert milliliters to cubic centimeters (use the chart at the back of the module if necessary). 
 
9. Determine the average mass and volume of all 7 samples and record them on your data chart. 
 
10. Using the formula D = m/v, determine the density of all 7 liquid samples. Density is 
expressed in grams per centimeter cubed (g/cm3) 
 
Using your recorded data create a graph with the mass of the object on the y axis and the volume 
of the object on the x axis. Use your data chart to plot the calculated density for each sample. 
Draw a best-fit line.  
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Using Technology: (optional) Create a spreadsheet in Excel (or similar program) using your data. 
Create a graph using your data  for each sample.  
 
Questions: 
 
1. Could you determine the volume of the liquids some other way? If so, explain. 
 
2. Why do you need to try the experiment more than once per sample? (Or any experiment for 
that matter) 
 
3. Why is communication between scientists important? Did you see any data that did not closely 
resemble yours? Explain. 
 
4. Discuss what you can determine from the data/graph. (save you graph for later use) 
 
5. Complete the Density/conversion worksheets. 
 
Procedures Student: Part 2 
 
Create a density column. Start your column by pouring the honey into the large beaker. 
Now, you will pour each liquid SLOWLY into the container, one at a time. Make sure you pour 
them in the following order: highest density to lowest density based on your data (A slow steady 
pour from a cup to graduated cylinder worked the best during initial experiments). 
 
Note: It is VERY important to pour the liquids slowly and into the center of the cylinder. Make 
sure that the liquids do not touch the sides of the cylinder while you are pouring. Also, it is okay 
if the liquids mix a little as you are pouring the layers should even themselves out because of the 
varying densities. 
 
If you do not pout them slowly and in the proper density order, you will only get a messy 
container of liquids… 
 
Optional: Under the supervision of your instructor, pour one of the liquids into a glass beaker 
and set it on a burner – MAKE SURE THE LIQUID IS NOT ONE OF THE FLAMABLE 
LIQUIDS. Repeat the experiment using a heated liquid. Compare the densities of the heated 
liquid to the room temperature liquid. Repeat this process for a chilled liquid. Have the students 
create graphs and explain why there should be differences in the densities of the heated, chilled, 
and room temperature liquids even thought they are the same liquid. 
 
The experiment has been adapted from liquid density experiments found online at 
http://www.stevespanglerscience.com  
 
A day or two later 
 
Leave a couple of the density columns sitting on a desk/table for a few days. Do you notice 
anything?  The layers of vegetable oil and rubbing alcohol have switched places. The rubbing 
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alcohol is now below the vegetable oil, indicating that the density has changed. (We are not 
exactly sure why the change occurred). Have the students try to explain the change. 
 
Also, you may try slowly heating the beaker on a hot plate to see if any changes occur: use 
extreme caution when doing this! And do not heat any flammable liquids! 
 
NASA Stardust Mission: http://www.nasa.gov/mission pages/stardust/mission/index.html. The 
story contained in this lab has been customized to relate to the module topic. 
 
Here is an optional method for determining the density of an unknown liquid. 
Use Archimedes’ Principle to find the density of an unknown liquid 
 
A small solid has a density ρg of XXXX kg/m3 
It is suspended from a weighing balance by a very fine wire. 
In air, the weight (Wa) if the solid is xxN. 
When the solid is completely submerged in the liquid, its apparent weight (Wl) is xxN. 
Find the density (ρl) of the liquid (neglect the buoyant force of air). 
 
The apparent loss of weight of the solid is due to the buoyant force of the liquid:  
 
Wa – Wl = ρlV 
 
Where Wa is the weight in air, Wl is the weight in liquid, ρl is the density of the liquid, and V is 
the volume of the liquid displaced (the volume of the submerged Solid).  
 
The weight of the solid in air is Wa = ρgV or V = Wa/ρg 
 
Substituting this result in the previous expression, we have 
 
Wa – Wl = ρl (Wa/ρg) 
 
 
Solving for ρl gives 
 
ρl = (Wa – Wl / Wa) ρg example: ρl  = (0.15N – 0.08N / 0.15N) (2.5 x 10-3 kg/m3) 
 
      ρl = 1.17 x 10-3 kg/m3 
 
Answer is in kg/m3 (convert to g/cm3)  
 
(You may use Newtons or Grams 1 gram = 0.0098 Newtons) 
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Student Worksheet 
Answer the following questions. Remember to include units and significant figures in your 
answer. Don’t forget to convert the units if necessary. Show all of your work! (use another sheet 
of paper if necessary) 
Calculate the density of each of the following: 
 
a. 144 mL of a liquid with a mass of 266 g. 
 
 
b. 175 mL of a liquid with a mass of 325 g 
 
 
Convert the following measurements: 
 
c. 3.25 liters to gallons 
 
      
d. 756 mL to gallons 
 
 
e. 2.3 miles to centimeters 
 
 
f. 6023 feet to kilometers 
 
 
g. a box measuring 30cm x 25cm x 30cm to cubic feet 
 
 
h. 3.78 milliliters to cubic centimeters 
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Experiment # 3:  The density of rocks and minerals 
 
Student’s Copy 
 
The material contained in this story can be found directly on the NASA website. NASA Stardust 
Mission: http://www.nasa.gov/mission pages/stardust/mission/index.html 
 
Deep-space Mission Continued 
 
Comets may be more than just simple conglomerations of ice, dust and gases. Some may 
be important windows on the early solar system. Others may have contributed materials 
necessary to the development of life on our own planet. Scientists have found a wide range of 
compositions and structures for the comet Wild 2 particles that were captured and returned to 
Earth by NASA's Stardust spacecraft. Their findings indicate the formation of at least some 
comets may have included materials ejected from the inner solar system to the far and cold outer 
edge of the solar nebula. Minerals formed near the sun or other stars were in the samples 
returned to Earth by the Stardust spacecraft in January 2006. The findings suggest materials from 
the inner regions of the solar system could have traveled to the outer reaches where comets 
formed. This may alter the way scientists view the formation and composition of comets.  
Scientists have long thought of comets as cold, billowing clouds of ice, dust and gases 
formed on the edges of the solar system. But comets may not be so simple or similar. They may 
prove to be diverse bodies with complex histories. In addition to finding these varied 
compositions in the Wild 2 samples, Stardust investigators found a wide diversity of particle 
densities. The captured Wild 2 samples are predominantly fine-grained, loosely bound 
aggregates, most also containing much larger individual crystals of olivine, pyroxene and 
iron/nickel sulfides. All analyses suggest that small and large Wild 2 particles are composed of a 
similar, if not identical, suite of minerals. Scientists found a much wider diversity of particle 
densities, including dense minerals, than advocated earlier by some researchers. 
 
Problem  
  
Among the discoveries garnered by Stardust was the finding that comets are a very odd 
mix of materials that formed at the highest and lowest temperatures that existed in the early solar 
system. Comets have been cold for billions of years, but their ingredients are remarkable 
products of both fire and ice. Because the rocky materials in comet Wild 2 formed at such high 
temperatures, scientists believe that they formed in the hot inner regions of the young solar 
system and were then transported all the way to beyond the orbit of Neptune. The samples 
collected from the mission are very small. Scientists are deciding how to determine the 
composition of the particles.   
 
Hypothesis 
  
A geologist from ECU was consulted. He decided that the identity of the rock and 
mineral particles could be made by determining their density. The geologist believed that the 
samples for this study are dominantly igneous rocks selected to represent a variety of 
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compositions (felsic to ultramafic) as well as intrusive and extrusive textures. The geologist first 
determined the densities of common rocks and minerals found here on Earth. 
 
Research 
  
Density is the measure of the mass of a substance contained within a particular volume of 
a substance (Smith and Pun, 2006). Specific gravity depends on the atomic weights of atoms and 
how the atoms are arranged in a structure. Hence, the more tightly the atoms are together, the 
higher the specific gravity. Density and specific gravity are essentially measurements of the same 
property. Density also depends on how the atoms are arranged. Density measures the ratio of   
mass per unit volume of a material. Again, the more tightly together the atoms are, the higher the 
density (Smith and Pun, 2006).   
 
Procedures Student: Part 1 
  
Your job as a NASA lab technician is to determine the identity of the rocks/mineral 
contained in your sample.  
 
1. Create a data chart 
 
2. Using the techniques in experiments 1 and 2, you will determine the density of the rock and 
mineral samples. 
 
3. Separate the rock/mineral samples. Be sure to keep them separated during and after the 
experiment so you know which one is which. 
 
4. Record the mass and volume of the samples on your data chart. Convert milliliters to cubic 
centimeters. Repeat this process 3-5 times for each sample and record the results on your data 
chart. 
 
5.  Repeat step 4 until you have completed the procedure for all of the mineral samples. 
 
6.  Determine the average mass and volume of all the samples and record them on your data 
chart. 
 
9. Determine the density of all the rock/mineral samples. Remember the units density is most 
commonly expressed in.  
 
10. Try to identify the mineral based on its density from the chart below (you can also use 
physical properties). Compare your results to the chart below. 
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Mineral Densities g/cm3 
 
Augite   3.2 – 3.4 
Biotite   2.8 – 3.2 
Calcite   2.71 
Calcium Plagioclase 2.62 – 2.76 
Chalcopyrite  4.1 – 4.3 
Chlorite  2.6 – 3.3 
Copper   8.9 
Dolomite  2.85 
Fluorite  3.18 
Galena   7.4 – 7.6 
Garnet   3.5 – 4.3 
Graphite  2.23 
Gypsum  2.32 
Halite   2.16 
Hematite  5.26 
Hornblende  3.0 – 3.4 
Kaolinite  2.6 
Kyanite  3.55 – 3.66 
Limonite  3.6 – 4.0 
Magnetite  5.18 
Muscovite  2.76 – 2.88 
Olivine  3.27 – 4.37 
Potassium Feldspar 2.57 
Pyrite   5.02 
Quartz   2.65 
Sodium Plagioclase 2.62 – 2.76 
Spahlerite  3.9 – 4.1 
Sulfur   2.05 – 2.09 
Talc    2.7 – 2.8 
 
Data from Klein and Dutrow, 2008 
 
 
Repeat the same procedures for rock samples. 
 
Data Analysis for instructor 
 
Rock and Mineral Densities Density g/cm3
Quartz 2.65 
Feldspars 2.5-2.7 
Micas 2.8 
Calcite 2.72 
Clay Minerals 2.5-2.8 
 
Unconsolidated Sediments 1.7-2.3 
Sandstones 2.0-2.6 
Shales 2.0-2.7 
Limestones 2.5-2.8 
Dolomites 2.3-2.9 
Granitic rocks 2.5-2.8 
Basaltic rocks 2.7-3.1 
Metamorphic rocks 2.6-3.0 
 
Data from Burger et al., 2006 
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Finding Specific Gravity (Optional) 
 
Specific gravity is a dimensionless unit that defines the ratio between the density of a 
rock and the maximum density of water at 4o Celsius. Density is an important characteristic of a 
rock, since this parameter helps to identify the rock type and its geologic structure. To calculate 
the rock density you need to divide the mass of the rock by its volume. The latter can be 
determined by placing the rock into a graduated cylinder filled with water. 
 
Things You Will Need:  
Scale (weighing balance) 
Graduated cylinder  
Calculator  
 
1.  Select a rock sample with an approximate weight of 2 to 10 g that will fit into the graduated 
cylinder.  
 
2.  Weigh the rock on the scale; for example, the rock mass is 20 g. 
 
3.  Fill the graduated cylinder approximately half full with water (~50 mL). Now, determine the 
exact water volume using the cylinder scale as in the experiment above. 
 
4.  Put the rock into the graduated cylinder making sure that your sample is completely covered 
with water. Note that the water level will rise. 
 
5.  Determine the volume of the water in the graduated cylinder again; for example, the volume 
after placing the rock is 63 mL.  
 
6.  Subtract the initial volume (Step 3) from the final volume in the cylinder (Step 5) to calculate 
the volume of the rock. In our example, the rock volume is 63 - 50 or 13 mL 
 
7.  Divide the mass of the rock by its volume to calculate the density of the rock.  
In our example, the density is 20 g / 13 cm3 = 1.54 g/cm3. 
 
8.  Divide the rock density by the density of water to calculate the specific gravity. Since the 
water density is 1 g/cubic cm (at 4o Celsius) then the specific gravity in our example is 1.54 
g/cm3 divided by 1 g/cm3 or 1.54.(G = density of substance divided by density of water at 4oC) 
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Questions: 
 
1. Describe the characteristics of the higher density rocks. What was the same? 
 
2. Describe the characteristics of the lower density rocks. What was the same? 
 
3. Do you think that understanding the density of various materials is important? Explain your 
answer. 
 
4. Use the data from your chart to create a graph. Use density as your vertical (y) axis and use 
volume or mass as your horizontal (x) axis. Plot your densities from all of the minerals on your 
graph.  
 
Using Technology: (optional) Create a spreadsheet in Excel (or similar program) using your data. 
Create a graph for each sample. 
 
5.  Compare the graphs from all three experiments. Discuss the similarities and differences. 
 
6. Why do you think the graph of the rock/mineral samples is the same or different from the 
liquid and solid graphs? Explain. 
 
7.  Complete the Density/conversion worksheets.
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Student Worksheets 
 
Answer the following questions. Remember to include units and significant figures in your answer. 
Don’t forget to convert the units if necessary. Show all of your work! (use another sheet of paper if 
necessary) 
 
Calculate the density of each of the following: 
 
a. a boulder measuring 6 feet x 4 feet x 3 feet weighing 2654 pounds. 
 
 
b. a rock weighing 865 ounces with a volume of 35 cubic feet. 
 
 
Convert the following measurements: 
 
c. 325 pounds to grams 
 
 
d. 1500 kilograms to ounces 
 
 
Answer the following Questions 
 
e. Explain why rocks with the same volume (size) have different densities.  
 
 
 
f. Explain how you think density affects plate tectonics. 
 
 
 
g. How does density work in the Earth’s mantle? Explain. 
 
 
 
h. What can have an effect or change a material’s density? Explain your answer. 
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i. The density of pure water is 1 g/cm3. The density of seawater is about 1.03 g/cm3. We know 
that less dense materials float when their density is less than the liquid/air it is in. And, we know 
that denser materials sink when placed in liquid/air less than their own densities. A United States 
supercarrier (aircraft carrier) floats on water. It can weigh in excess of 70,000 tons and be longer 
than 600 ft. Steel is very dense as seen in experiment 1: ~8.12 g/cc. A granite rock’s density, as 
seen in experiment 3 is ~2.5-2.8 g/cm3. Yet a small granite stone (1x1x1 inches) sinks when 
dropped into water. Explain why you think the rock sinks and the supercarrier floats. 
 
 
Your Own Research: 
 
j. Given all that we have covered (densities of solids, liquids, irregularly-shaped objects), (a) how 
would you determine the density of a human? Come up with your own experiment or 
demonstration that shows different densities of liquids, solids, and/or gases. The best idea(s) will 
be demonstrated during a later class period. (b) how would you determine the density of the 
layers of the Earth or the entire Earth? Be sure to properly cite any references. 
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SI UNITS AND 
CONVERSION  TABLE 
 Conversion  Abbreviations 
Length                         1 meter = 1.0936 yards  yrd = yard 
1 centimeter =  0.39370 inch  in = inch 
1 inch = 2.54 centimeters  cm = centimeter 
1 kilometer =  0.62137 miles  mi = mile 
1 mile = 5280 feet  ft = feet (foot) 
1 mile = 1.6093 kilometers  km = kilometer 
1 foot = 30.48 centimeters  m = meter 
1 meter = 39.37 inches  mm = millimeter 
1 inch = 25.4 millimeters   
1 yard =  0.9144 meters  kg = kilogram 
1 millimeter = 0.03938 inches  g (gm) = gram 
1 centimeter =  10 millimeters  lb = pound 
1 meter = 100 centimeters   oz = ounce 
1 kilometer =  1000 meters   mg = milligram 
1 meter = 1000 millimeters    
      L = liter 
Mass                   1 kilogram = 1000 grams    mL = milliliter 
1 kilogram = 2.2046 pounds   gal = gallon 
1 pound =  453.59 grams   qt = quart 
1 pound =  0.45359 kilograms    
1 pound =  16 ounces    
1 gram = 1000 milligrams    
       
Volume                      1 liter = 1000 milliliters    
1 gallon = 3.7854 liters    
1 gallon = 4 quarts    
1 quart = 0.94635 liters     
      1 milliliter = 1 cubic centimeter
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FINDING THE AREA AND VOLUME OF SOLIDS 
 
Area 
 
Rectangle: Area = Length X Width   A = lw 
                   Perimeter = 2 X Lengths + 2 X Widths or P = 2l + 2w 
             
l 
w
 
 
 
                                          Triangle: Area = 1/2 of the base X the height   a = 1/2 bh  
                                                           Perimeter = a + b + c (add the length of the three sides) h
c 
b 
a 
 
 
 
 
 
Circle: The distance around the circle is a circumference.  
r 
d 
The distance across the circle is the diameter (d).  
The radius (r) is the distance from the center to a point on the circle.  
Diameter = 2r   Circumference = πd = 2πr 
Area = πr2     (π=3.14) 
 
 
 
 
Volume  
 
 
Rectangular Solid: Volume = Length X Width X Height   V = lwh   Surface = 2lw + 2lh + 2wh 
 
 
 
 
 
 
 
 
 
Cylinder: Volume = πr2 x height   V = πr2 h  Sphere: Volume = 4/3 πr3  V = 4/3 πr3  
                 Surface = 2π radius x height S = 2πrh + 2πr2 Surface = 4πr2 S = 4πr2 
h 
l 
w 
h 
r 
r
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GLOSSARY 
 
The definitions contained herein have been compiled from various geosciences textbooks 
 
Aerogel - A highly porous solid formed from a gel, such as silica gel, in which the liquid is 
replaced with a gas. A gel formed by the dispersion of air in a solidified matrix; a solid foam, as 
Styrofoam. 
 
Aliquot - A portion of the whole, especially one of two or more samples of something that have 
the same volume or weight; comprising a known fraction of a whole and constituting a sample: 
an aliquot quantity of acid for analysis. 
 
Alloy - A homogeneous mixture or solid solution of two or more metals, the atoms of one 
replacing or occupying interstitial positions between the atoms of the other: Brass is an alloy of 
zinc and copper.  
 
Ballistics - the science or study of the motion of projectiles, as bullets, shells, or bombs. Or the 
art or science of designing projectiles for maximum flight performance. 
 
Coriolis Effect - an apparent deflection of moving objects when they are viewed from a rotating 
reference frame. 
 
Coup - A sudden appropriation of leadership or power; a takeover. 
 
Density - The quantity of something per unit measure, especially per unit length, area, or 
volume. The mass per unit volume of a substance under specified conditions of pressure and 
temperature. 
 
Elasticity - The physical property of a material that returns to its original shape after the stress 
(e.g. external forces) that made it deform is removed. The relative amount of deformation is 
called the strain. 
 
Fathom - A unit of length equal to 6 feet (1.83 meters), used principally in the measurement and 
specification of marine depth 
 
Gyroscope - an apparatus consisting of a rotating wheel so mounted that its axis can turn freely 
in certain or all directions, and capable of maintaining the same absolute direction in space in 
spite of movements of the mountings and surrounding parts: used to maintain equilibrium, 
determine direction, etc. 
 
Impiety – lack of reverence for God or sacred things; irreverence. 
 
Isostasy - Equilibrium in the earth's crust such that the forces tending to elevate landmasses 
balance the forces tending to depress landmasses. Areas of the Earth's crust rise or subside to 
accommodate added load (as from a glacier) or diminished load (as from erosion), so that the 
forces that elevate landmasses balance the forces that depress them. 
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Heresy – from the Roman Catholic Church. the willful and persistent rejection of any article of 
faith by a baptized member of the church - any belief or theory that is strongly at variance with 
established beliefs, customs, etc. 
 
Hydrostatics - the branch of hydrodynamics that deals with the statics of fluids, usually confined 
to the equilibrium and pressure of liquids. 
 
Mass - A property of matter equal to the measure of an object's resistance to changes in either the 
speed or direction of its motion. The mass of an object is not dependent on gravity and therefore 
is different from but proportional to its weight. 
 
Mechanistic - Of or relating to the philosophy of mechanism, especially one that tends to explain 
phenomena only by reference to physical or biological causes. (mechanism -  the theory that 
everything in the universe is produced by matter in motion; Philosophy - the view that all natural 
processes are explicable in terms of Newtonian mechanics; the view that all biological processes 
may be described in physicochemical terms) 
 
Meniscus - a crescent or a crescent-shaped body; the convex or concave upper surface of a 
column of liquid, the curvature of which is caused by surface tension. 
 
Middle Ages - the time in European history between classical antiquity and the Italian 
Renaissance (from about 500 AD to about 1350): sometimes restricted to the later part of this 
period (after 1100) and sometimes extended to 1450 or 1500. 
 
Paleoclimate - the climate of some former period of geologic time. 
 
Pangea - A supercontinent made up of all the world's present landmasses joined together in the 
configuration they are thought to have had during the Permian and Triassic Periods. According 
to the theory of plate tectonics, Pangaea later broke up into Laurasia and Gondwanaland, which 
eventually broke up into the continents we know today. 
 
Renaissance - the activity, spirit, or time of the great revival of art, literature, and learning in 
Europe beginning in the 14th century and extending to the 17th century, marking the transition 
from the medieval to the modern world. 
 
Sea and lake sediments (varve) - A layer or series of layers of sediment deposited in a body of 
still water in one year. Varves are typically associated with glacial lake deposits and consist of 
two layers—a lower, light-colored layer that consists primarily of sand and silt, and a darker 
upper layer that consists primarily of clay and organic matter. The lower layer is typically 
deposited in the summer by the rapid melt of glacial ice, and the upper layer is usually deposited 
in the winter by the slower settling of sediment through calm water. The thickness of the layers 
in a varve varies depending on the proximity to the margin of the glacier, with thicker layers 
forming closer to the glacial margin and thinner layers forming farther away from it. Varves have 
been used, like tree rings, to measure the ages of glacial deposits from the Pleistocene. 
 
Seismology - the science or study of earthquakes and their phenomena.  
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Speleothems - Any of the secondary mineral cave deposits formed by chemical deposition, most 
commonly of calcite. 
 
Weight - the force that gravitation exerts upon a body, equal to the mass of the body times the 
local acceleration of gravity: commonly taken, in a region of constant gravitational acceleration, 
as a measure of mass.  
 
Windlass - a device for raising or hauling objects, usually consisting of a horizontal cylinder or 
barrel turned by a crank, lever, motor, or the like, upon which a cable, rope, or chain winds, the 
outer end of the cable being attached directly or indirectly to the weight to be raised or the thing 
to be hauled or pulled. 
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